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Attn.: Dr. Janet Andersen. Director, Biopesticides and Pollution Prevention Divisi6l'.•, , · 

Subject: Request for the Registration of Lhe Plant-Incorporated Pl'Otect.ant, Bacillus 
thµringiensis Cry2Ab Insect Control Protein. as Produced in Corn (Zea mays 
L.) .and Cotton (Gossypium hirsurum L) 

Dear Dr. Andersen: 

Following US regulatory approvals, Monsanto commercialized BoUgard® cotton (524-
478) ~nd YieldGard® com (524-489) in 1996 and 1997, respectively. These two plant 
protectant products produce the CrylAc and CrylAb proteins. respectively and have been 
adopted broadly by growers because they provide effective protection from the feeding of 
lcpidopteran insect pests. YieldGard com provides control of the European corn borers 
and com eanvorms, while Bollgard couon provides control of tobacco bud\vom1s, pink 
bollwonns and.cotton bollworms. Growers typical!y apply significantly less insecticide to 
control these pests, realize higher yields, ~nd ac·hieve greater profitability using these 
improved varieties, as compared to conventional products. 

Gianessi <1nd Carpenter estimated lhat in 1998 mo mmion acres of com were treated with 
insecticides to control the European com borer, compared to 3.5 million acres in 1995. 
the year prior to the introduction of the first B.r. com hybrids. This difference represents 
a reduction of approximately 600,000 pounds of insecticide active ingredient. In cotton, 
the same authors estimated that the planting of Bollgard varieties reduced insecticide 
appticar1ons by 2 million pounds of insecticides in 1998 a]one. compared to the last year 
prior to the introduction of Bo11gard, 1995. For these and other reasons, more·than 4 .1 
million acres of BolJgard and 18 minion acres of YieJdGard were planted in 1999, or 
more than 31 % •Of the total cotton and 12% of the total corn acreage, respectively . 

Monsanto Company is now requesting the registration of the Bacillus rhuringiensis 
subspecies kurstaki (B.t.k.) Cry2Ab protein and the genetic material necessary for its 
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production in all cotton (Gossypium hirsutum L) and com (Zea mays L) plants. These 
new biotech cotton and com plants were developed using particle acceleration plant 
transformation procedures to insert the cry2Ab insect control gene. These new products 
provide increased control of insect pests such as the European com borer, com earwonn, 
tobacco budworm, pink bollworm and cotton bollwonn. as well as ann)'\1v'Orm. 
Combining the Cry2Ab protein with the CrylAc and CrylAb proteins already in the 
marketplace, or using the Cry2Ab protein as a rcplacemem for the current products, will 
provide an additional tool to delay the development of lepidopteran resistance in cotton 
and com. These products, in combinacion with a refuge and the other components of 
Monsanto's resistance management plan, represent a substantial program to significantl y 
delay the development of insect resistance to cotton or com comaining the Cry lAc or 
CrylAb protein, respectively. 

-
Under parts (C) and (D) of section 3 (c) (5) of FlFRA, a pesticide muse perform its 
intended function without unreasonable adverse effects on lhc environment when used in 
accordance with widespread and commonly recognized practice. FlFRA defines 
unreasonable adverse effects to include both risks to human health and ecological effects. 
,ve respectfully conclude that the data and information on Cry2Ab contained in this 
submission, developed according to EPA guidelines, fully support the EPA 
determinations necessary for registration of this protein under this section. An exempcion 
from the requirement of a tolerance for this protein on all raw agricultural commotlities 
has been -requested under a separat~ submission to the Agency through an amendment to 
Tolerance Petition PP 7F4888 (Docket Number PF-768). All data and jnformation 
demonstrating the human health safety of this protein were provided in that request. 

Monsanto desires to commercialize these products in the 2002 production season and 
therefore, requests that the scientific review and registration of th~se products be 
concluded by September l , 2001. Should you have any questions regar:ding this request, 
please contact Karen Gus tafson at 636 7 37-6870, Terry Stone at 636-737-6547 or Russell 
Schneider m 202-383-2866. 

Sincerely, 

Karen Gustafson 
Regulatory Affairs Manager 
Cotton 

Terry Stone 
Regulatory Affairs Manager 
Com 
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cc: 99-858E 
Russ Schneider 
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TRANSMIIT AL DOCUMENT 

SUBMITTED BY 

Monsanto Company 
700 Chesterfield Parkway North 

St. Louis, Missouri 63198 

REGULATORY ACTION IN SUPPORT OF WIDCH 
THISPACKAGEISSUB~fiITED 

Request for the Registration of the Plant-Expressed Protectant, 
Bacillus tlzuririgie11sis Cry2Ab lnsect Control Protein. 

as Produced in Com (Zea mays L.) and Cotton (Gossypium hirsutum L.) 

TRA SMITTAL DATE 

April 4, 2000 
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LlST OF SUBMITTED DOCUMENTS 

ADMJNISTRA TIVE MATERIALS 

Volume 1: Administrative Materials in Support of the Request for the Registration of 
the Plant-incorporated Protectant, Bacillus thuringiensis Cry2Ab insect 
Control Protein, as Produced in Com (Zea mays L.) and Cotton (Gossypiwn 
/zirsutum L.) 

MRID umber _____________ _ 

PRODUCT CHARACTERIZATION 
-.. 

Volume 2: K.A. Hamilton and A. Reed, Field Report: Produclion of Tissue Samples 
from Insect Protected Cotton Events Grown in 1998 U.S. Field Trials, 
Monsanto Repo11 Number MSL-16019, an unpublisned study conducted 
by Monsanto Company. 

MRlD Number ___ 4_S0_8_6_3_0_I ______ _ 

Volume 3: J.D. Colyer, C.C. Deatherage and K.C. Glenn, Production of Tissue 
Samples from Com Events MON 840, MON 841 and MON 843 in the 
1998 U.S. Field Trials, Monsanto Report Number MSL-1604 l, an 
unpublished study conducted by Monsanto Company. 

45086302 
MRID Number _____________ _ 

Volume 4: S.C. Doherty, K.A. Hamilton, R.P. Lirette and I. Borovkova. Amended 
~eport for Molecular Characterization of Gotton Event 15985, Monsanto 
Report Number MSL-16620, an unpublished study conducted by 
Monsanto Company. 

MRID Number ___ 4_50_8_6_3_0_3 ______ _ 

Volume 5: J.C. Jennings. l.G. Borovkova, R.P. Lirette, Molecular Analysis of Com 
Event 840, Monsanto Report Number MSL-16080, an unpublished study 
conducted by Monsanto Company. • , ~ · 

MRID Number __ 4_5_0_8_6_30_4 __ ~----

' .... . . .. . . 
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Volume 6: G. Holleschak, R.S. Thoma, T.C. Lee, R.E. Hileman and J .D. Astwood, 
Assessment o f the Equivalence of Proteins Expressed in Com Event MON 
840 , Monsanto Report Number MSL- 16224, an unpublished study 
conducted by Monsanto Company. 

45086305 MRID Number _____________ _ 

Volume 7: -8.P. Tonnu, P.R. Sanders, J .C. Jennings, Insect Protection Protein 2 and 
NPTII Protein Levels in Samples Collected from Com Event MON 840 in 
the 1998 U.S. Field Trials, Monsanto Report Number MSL-15708, an 

- unpublished study conducted by Monsanto Company. 

-

MRID Nun1ber __ 4_5_0_8_6_3_06 _ _ _ ___ _ _ 

ENVIRONMENTAL FATE Aflt.'D ECOLOGICAL EFFECTS 

Volume 8: 

Volume 9: 

V .L. Maggi, Evaluation of the Dietary Effect(s) of insect Prolection 
Protein 2 on Honey Bee Larvae, Monsanto Report Number MSL-16175, 
an unpublished study conducted by California Agricultural Research, Inc. 

MRIL> Number ___ 4_50_8_6_3_0_7 _ _____ _ 

V.L. Maggi, Evaluation of the Dietary Effcct(s) of Insect ProtecLion 
Protein 2 on Adult Honey Bees (Apis me/ifera L). Monsanto Report 
Num~r M SL-16176, an unpublished study conducted by California 
AgriculLUral Research, Inc. 

45086308 MRID Number _ ____ ______ __ _ 
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Volume IO: SJ. PaJmer and H.O. Krueger, Insect Protection Protein 2: A Dietary 
Toxicity Study wilh Green Lace\\'ing Larvae (Ch:rysoperla carnea), 
Monsanto Report Number MSL-16171, an unpubhshed study conducted 
by Wildlife lmernationa), Ltd. 

M.RID Number __ 4_5_0_8_63_0_9_, -------

Volume l l: SJ. Palmer and H.O. Krueger, Insect Proteclion Protein 2: A Dietary 
- Joxicity Study with Parasitic Hymenoptera (Nasonia vitripe,mis). 

Monsanto Report Number MSL-16173, an unpublished study conducted 
by '\Vikllife International. Ltd. 

MRTDNumber 45086310 -------------~~ 
Volume 12:, SJ_ Palmer and H.O. Krnege:r, lnsect Protection Protein 2: A Dietary 

Toxicity Study with the Ladybird Beetle (Hippodamia com,ergens), 
Monsanto Report Number MSL-16172, an unpublished study conducted 
by \Vildlife International. Ltd. 

MRIU Number 45086311 
---------------

Volume B: !(.R. Drottar and H.0. Krueget, Insect Prntcction Protein 2 in Corn Pollen: 
i\ 48-Hour Static-Renewal Acute Toxiciry Test with the Cladocemn 
(Dapfmia mag11a), Monsanto Report Number MSL- 16180. an unpublished 
study conducted by \Vildlifc IrHcniational, Ud. 

45086312 l:vIRID Number ___________ ___ _ 

Volume 14: S.J. Palmer and H.O. Krueger, Insect Protection Protein 2: An Acute 

. ' ' . 
' ~ t .. 

Toxicity Study with the Earthworm in an Artificial Soil Substrate, 
Monsanto Repon Number MSL-16177, an unpublished study conducte,(\ : , 
,,l,Y Wildlife In~emational, Ltd. 

MRJDNumber 
45086313 

------- ------~~ 
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Volume 15: D. Tejxejra, Assessment of Chronic Toxicity of Cotton Tissue Containing 
Insect iProtectio-n Protein 2 to CoJlembola (Fol.wmi.a candiila), Monsanito 
Report Number MSL-16174, an unpublished study conducted by 
Springboro Laboratories. Inc. 

MRIDNumber __ 4~:S_O_S63_-_I_4_ ~ -----

Volume 16: D. Teixeira, Assessment of Chronic Toxicity of Corn Tissue Containing 
--.{nseot Protection Protein 2 to Collembo[a (Folsomia can.dida), Monsanto 

Report Number MSL-161&1, an unpublished study conducted by 
Springborn Laboratories. Inc. 

45086315 MRID Number _____ _________ _ 

Volume 17~ S.P. Gallagher, J. Grimes and J.B_ Beavers, Insect Protectioq Protein 2 in 
Cotton Seed Meal: A Dietary ~oxfcity Study with the Nortlhem Bobwhite, 
Monsanto Report Number MSL-16178, an unpublished study conducted 
by Wildlife lnLernational, Ltd. 

MRID Numbcr _ _ 4_S0_8_6_3_16_· _ _____ _ 

VoJume 18: ~.P. Gallagher, J. Grimes and J.R Beavers. insect Protection Protein 2 in 
Corn Grain: A Dietary Toxicity Srndy with the Northem Bobwhite, 
1vfonsanto Report Number MSL· 16182, an unpublished study conducted 
by \Vildlife International, l.td. 

l\,1RID Nnmber 45086317 

41 C ' • 
~ 
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Volume 19: M_H_ Li and E.H. Robinson,. Evaluation of Cottonseed MeaJ Derived From 
Insect Prot•ected Cotton Lines 15813 as a Feed lngredien,t for Catfish, 
Monsanto Report Number MS.L-16179, an unpublished study condlucte~:. 
!>Y the Thad Cochran National Warmwater Aquaculture Center. . , , , 

MRID Number _ _ 4_5_0_86_3_1_8_i _ ____ _ 
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Volume 20: M.li. Ll andE.H. Robinson, !Evaluation -of Com Lines MON 840 and 
1v10N 841 as a Feed Ingredient for Catfish, Monsanto Repo1t Number 
MSL-16183, an unpublishedishidy conducted by the Thad Cochran 
National Warmwater Aquaculture Center. 

l\fRID Number 
45086319 

--------------

COl\iPANY NAME: MONSANTO COMPANY 

COtvIPANY CONTAC'r: Dr. Russell Schneider (202) '.3.83-2866 
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STATEMENT OF NO CONFIDENTIALITY CL1-UM 

No claim of confidentiality is made for any information contained in lhis sLudy on the 
basis of itS falling within the scope of FIFRA § IO(d)(l)(A),(B), or (C). 

"We submitted this material to the United Slates Environmental Protection 
Agency specifically under provisions contained in FlFRA as amended, and 
thereby consent to use and disclosure of this material by EPA according to 
FTFRA. In submitting this material lo the EPA according to method and format 
requirements contained in PR '.'lotice 86-5, we do not waive any protection of 
rights involving this matcria) that would have been claimed by the company if this 
material had not been submiued to EPA." 

COMPANY: MONSANTO COMPANY 

COMPANY AGENT: 

COMP A.l."N AGENT: 

~ s.<Swr= 
KareS.Gustafson 

~M~~~ 
Terry B. Ston 
Regulatory Affairs Manager 

DATE: April 4, 2000 
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GLP COJ\i1PLIANCE STATEl\ilENT 

The enclosed data, presented to the Environmental Protection Agency in support of the 
request for the registration of the plant-incorporated protectam. Bacillus 1huri11giensis 
Cry2Ab2 insect control protein, have been summarized from studies which were conducted 
in compliance with the Good Laboratory Practice Standards, 40 CFR 160, as set down in 
Federal Register, 54, 34052-74, 17 August l989. 

Karen.Gustafson ' 
Regulatory Affairs Manager 

?'"7'ubmit1er ~ 

'/_/~ z?,~ 
Terry B. SL~ 
Regulatory Affairs Manager 
Sponsor/Submitter 
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VoJume 1: 

SUBMISSION TABLE OF CONTENTS 

Administrative Materials in Support of the Request for the Registration of 
the p·Jant-ln.corporated Protec.:tant, Bc.cci'.llus thurlngien.sis Cry2Ab2 Insect 
Contm] Prote1n. as Produced in Com (Zea mays L.) and Colton 
(Gossypium hirsutum L.) 

PRODUCT CHARACTERIZATION 

Volume 2:: K.A. Hamilton and A. Reed, Held R:eport Production of Tissue Samples 
from ]nse,et Protected Cotton Events Gro\Vn in 1998 U.S. Field TriaJs, 
Monsanto Report NumberMSL-160l9 . 

Volume 3: J.D. Colyer, C.C. Deatherage and K.C. Glenn, Production of Tissue 
Samples from Com Events MON 840, MON 841 and MON 843 in the 
1998 U.S. Field Trials, Monsanto Report NumberMSL-16041. 

V:olume 4: S.C. Dohe1ty, K.A. Hamilton, R.P. Lirette and I. Borovkova, Amended 
Report for Molecular Characterization of Cotton Evenl 15985, Monsanto 
Repo1t Number MSL-16620 . 

Volume 5: J.C. Jennings, I.G. Borovkova, R.P. Lirette, MoJecular Analysis of Com 
Event 840, Monsanto Report Number MSL-16080. 

Volume 6: .... : 

Volume 7: 

G. HoUeschak, R.S. Thoma, T.C. Lee,. R.E. Hileman and J .D. Astwood, 
Assessment of the Equi valenc-e of Proteins Expressed in Com Event MON 
840, Monsanto Report Number MSL-16224 . 

B.P. Tonnu, P.R. Sanders, J.C. Jennings, Insect Protection Protein 2 and 
NPTll Protein Levels in Samples Collected from Com Event MON 840 in 
the !998 U.S. Field Trials. Monsanto Report Number MSL-15708, 

ENVIROmIENTAL FATE AND ECOLOGICAL EFFECTS 

Volume 8: 

VoJume 9: 

V .L. Maggi, Evaluation of the Dietary Effect(s) of Insect. Protection 
Protein 2 on Honey Bee Larvae, Monsanto Report Number MSL--16175. 

V.L. Maggi, Evaluation of the Dietary Effect{s) of Insect Protection 
Protein 2 on Adult Honey Bees (Apis melif-era L.), Monsanto Report 
Number MSL-16176. 

• Voiume 10: S.J. Palmer and H .O. Krueger, Insect Protection Protein 2: A Dietary 
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Volume 12: 

Volume 13: 

Toxicity Study with o~een Lacewing Larvae (Cfo}·soperla camea), 
Mon!>anto Report NumberMSL-16171. 

S.J. Palmer and H.O. Krueger, Insect Protection Protein 2: A Dietary 
Toxicity Study with Parasitic Hymcnoptera (Nasonia vitripennis), 
Monsanto Report Number MSL-16173. 

S.J. Palmer and H.O. Krueger, Jnscct Protection Protein 2: A Dietary 
Toxicity Study ,iv·ith the Ladybird Beetle (Hippodamia cotwergens). 
Monsanto Report Number MSL-16172, 

K.R. Drottar and H.O. Krueger, lnscct Protection Protein 2 tn Corn Pollen: 
A 48-Hour Static-Renewal Acute Toxicity Test with the Cladoceran 
(Daphnia magna), Monsanto Report Number MSL-l6180 . 

V:o)ume 14: SJ. P~lmer and HO. K.I11eger, Insect Protection Protein 2: An Acute 
Toxicity Study with the Eanhworm in an Artificial Soil Substrate, 
Monsanto Report Number MSL-16 l 77. 

Volume 15: D . Teixeirn, Assessment of Chronic Toxicity of Colton Tissue Containing 
Insect Protection Protein 2 to CuUembola (Folsomia candida), Monsanto 
Report Number MSL-16174 . 

Volume 16: D. Teixeira, Assessment of Chronic Toxicity of Com Tissue Containing 
Insect Protection Protein 2 to Collembola (Folsomia candida), Monsanto 
Report Number MSL-I618L 

Volume 17: S.P. Gallagher, J. Grimes and J.B. Beavers, Insect Protection Protein 2 in 
Colttmseed Meal: A Dietary Toxicity Study with the Northern Bobwhite, 
Monsanto Repot1 Number MSL-16178. 

Volume 18: S.P. Gallagher, J. Grimes and J.B. Bcave~. Insect Protection Protein 2 in 
Corn. Grain: A Dietary Toxidty Study with the Northern Bobwhite, 
Monsanto Repo1t Number MSL-16182. 

Volume 19: M.H. Li and E.H. Robinson. Evaluation of Cononseed Mea] Derived From 
Insect Protected Cotton Lines 15813 and 15985 as a Feed Ingredient for 
Catfish, Monsanto Report Number MSL- 1.6179. 

Volume 20: M.H. Li and E.H. Robinson, Evaluation of Insect ProLe<.:ted Corn Lines 
MON 840 and MON 841 as a Feed lngredknt for Catfish, Monsanto 
Report Numher ?vlSL-16183 . 
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NOTE TO REVIE\VER 

Many of the studies contained within this submission identify various com and cotton 
events that have been given specific designations. Bollgard Il cotton events are 
designated 15985 and 15813; the new corn event is designated as MON 840. Each of 
lhese specific events contains the cry2Ab gene and expresses the Cry2Ab protein. The 
Cry2Ab protein expressed in corn differs by only one amino acid from that expressed in 
cotton and thus these proteins are 99.8% sequence identical. The designation Cry2Ab2 is 
also used in the technical reports to describe the Cry2Ab protein. This designation has 
been used for tracking purposes within Monsanto, as the revised nomenclature system 
currently appl1es only to wild-type sequences (Crickmore, er al., l998). 

The Cry2Ab proteins expressed by these cotton and com events are 99.8% sequence 
identical to the Cry2Ab protein encoded by the genetic mate1ial in the genome of Bacillus 
tlmri11gie11sis subsp. kurstaki. Tn both cases, a single amino acid {the second one in the 
sequence) has been altered, although the changes for corn and cotton differ. The Cry2Ab 
protein expressed in transgenic plants contains a single amino acid addition at the N
tenninus compared to the wild-type amino acid sequence, due to the creation of a restriction 
enzyme cleavage site introduced for cloning purposes. Thus both proteins fall well within 
the >95% amino acid sequence identity required for proteins within the Cry2Ab class as 
described by Crickmore, er al., 1998 . 

Data supporting the human and animal safety assessment of the Cry2Ab protein has been 
previously submitted as a part of the request for tolerance exemption and is therefore 
referenced in this volume (MRIDs 44999301, 4496660[-5) . 

MONSANTO 99-858£ Page 9 of 70 
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B.t. 

B.t_k_ 

CrylAc 

CrylAb 

Cry2Aa 

Cry2Ab 

ABBREVIATIONS 

Bacillus 1/mringiensis 

Bacillus tlmringierzsis subsp. kurstaki 

Naturally occurring insecticidal_protein produced by B.t.k.. und ex.pressed in 
Bollgar-d® cotton and Bollgard® IT cotton produclr, 

Naturally occurring insecticidal protein produced by B.t.k. and expressed in 
Yie]dGard® corn and YieldGard® 1T com products 

NaturnJly occurring insecticida1 protein produced by Rt.k. and present in 
,commercial microbial B.t. formulations 

Insecticidal protein expressed in Bongard n: cotton event 15985 and com 
ev,ent MON 840 

fPP2 lnsecti(;idal protein derived from B.t_k_, also known a<; 
CryJIB. CryB2, and CryTIAb 

1PM 

1RM 

NOEC 

NOEL 

SAP 

Integrated Pest Management 

Insect Resistance Management 

No Observed Effect Concentration 

No Observed Effect Level 

Scientific Advisory Panel 

SGF Simulated gastric fluid 

Slf Simulated intestinal lluid 

MONSANTO 99-858E Page IO of 70 
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ff•••e ,,.•'1 lM1tuctlon11 on ,..,_,. l,,.f,;,.- ccm..J'etina ,.,,,.,, F,....,, An.nrQved, 0MB No. !:1070-00AE ..,,,.,,,oval • . .,..; ,.,,. 2:-23-95 

United St11te, § Registration 
OPP Identifier Number 

&EPA ~Z(l7~~ Environmental Protection, Agency Amendment 
Washington, OC 20450 

10ther 
~',,) . .,_,.,...._.._. 

Application for Pesticide - Section I 
L Co,np41ny1Product !Number 2 . EPA Pt!>duct M11n11gar 3, :Proposad Cla~sHication 

Morisanto/ 524 • / FF Phil Hutton E]wo110 D Restricted 
4. Comµeny/PtQd1uct (Namcel PM# 
Monsanto / Crv2Ab Protein 90 

5, Nam~ 11nd Addross of Applicant (lrtc/uds ZfP CodeJ 6. Expedited Reveiw . In accordance with FIFIR'.A Section 3fcl(31 

Monsanto Company (b)lil, mv product is similar or idemical in composition and ~beljng 

1 
600 13t'h Street, Sui1e 660 to: 524-

, Washington, DC 20005 EPA Reg. No. 
I □ Chttek if 11,;s. is tt nttw sddr,ss Product Nime Cry2Ab Protein 

Section - II 

D Arnom:fmont • Exphiin below. LJ Fil\8-1 printed lab11·ls in repsonH to 

• Resubmission in responso to Age110y letter dilted □ 
Agency ltttter datad 
"Me Toe· Appl ic!lltion. 

□ Notificstion - E•pl8in below. 0 Other • Ex~lain below. 

ExplanatJon; Lise additfon.eJ pag,a(~) if Mc,agsary, (For section I and' Section II.I 
Request for registration of lhe plant-inco1po1atcd protectant, Bacillus thuringiensis Ciy2Ab Insect Control Protein as prodoced in com and cotton 

- Section - m 
1. Mattritl Thi9 P,oduct Wlll h P1elu1gd In: 

I C:hird-Resistom Poekeoing Unit Pack11gin,;i W1ter Sorublo Peelc,11,ging 2. Type of Conteinor 

~YH ~Yes ~ 
Yes ~~··· No i No No 

PIHti~ 
Gloss 

. Ciffcation muit lf "Yes• No. per If 9 Yti'" N'o. pet Paper 
Ptant Cells Unit PackaginO WQt , COl)tlll:nc,, Paeksge, w91 c·on:tai ner Qther (Specify) 

bti submittlld 
i I 

3. location Df Net Col'IUnl:s Information 4 . Si~elsl R,otoll Conu,inet 6. Lncation of L!!bol Olri,cllons 

L . label LJ Container ~ 
$ . Mannet in Whiclh L.!!bli!I i51 ,AHhced to Prod'Y<:t LJ tJ1hogrepl') ~ Ot!ier 

F'apet.~lued 
Stene, 00 

Section - l:V 
1, Contact Point /Compf11t11 itsms directly below far idsntr/icetion •Of indi01idutJI to b• r:ontar:ted. if .nsr;9$$11,Y, n::i pro(Mlss th/$ spplics,fion.J 

Name Titla Telephone No. llneluda Area Coda} 

Aussen P. Schneide:r Regulatory Director (202) 383 - 2866 

Certification G. Dato Applic111ion 

I i;oni,fy that the stat,omcnts I hevo med11 on this form end a.11 attachments th1mito are true, eccvratt!> ,and complete , ' 
Ree:eived 

I tc::k.nowledge that eny knowlinouv fols,e or rnislearlin<J statement mev be punishable, by fine or imposorvnent or (Stamped1
) 

both under !!!pplicehlo l!;lw. •~M~ '? ~f 
3 . Tida· 

, ' Al A 
Flegulato,y Affairs Manager 

-- r 

4. Tv,,o<II Nern/ 5. Oota 

Karen S. Gustafson /i ii 4 fo9q I lHONSA, •TO 99~858 Pi!aigc 1 tJ 0 
20 --- ~ -
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Form A roved 0MB No. 2070-0060 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
40i M Street, S.W. 

WASHINGTON, O.C. 20460 

Paperwork Reduction Act Notice: Tho pubroc reporting burden for th is eolle<:tlon of information Is estimated to ave<age 1.25 hours pe, response fot rogistral,oo 
,ind 0.25 hours per response for reregis1ration and special review actMties, induding hme for reading the instructions an-0 complet,ng ,he necessary forms. Send 
comments r~rding burden aslimate or any other aspect of this collection of mformation, including suggestions for <educing the burden to; Oiracto,. OPPE 
Information Management Division (2137), U.S. Envil'Qllmental Protection Agency, 401 M Street, S.W .. Washlngtoo, DC 20460. 
Do not serid toe completed form to this address. 

Certification with Respect to Citation of Data 

Appticant's/Rei:iistrant's Name. Address. and Telephone Number 
Karen S. Gust:ilson, Monsanto Company, 600 13th St. Suite 660, Washington, DC 20005 

Active tnaredlent!sl an.die, roores-entative test oomoound(s) 
Cry2Ab Protein 

Gene,al Use Pattem(&) (11st all those claimed tor this Product usini;i 40 CFR Part 158) 

EPA Aeglstralion Numbe-r/File Svmbol 
524 • 

Date 
April 4, 2000 

Product Name 
C('J2Ab Protein 

NOTE: It your prodUCI is a. 100% repackaging of another purchased EPA-registered product labeled for all the same uses on your label, you do not need to 
submit this form. You must submit the Formulator's Exemption S1atemenl (EPA Form 8570-27). 

□ 

I am responcfing to a Data-Call-In Notice, and have included with this form a list of oompanies sent offers of compensat,on (tho Data Matrix rorm should 
be used lor this purpose). 

SECTION I: METHOD OF DATA SUPPORT (Check one method only) 

I am using the cit&-all method of support. and have included with this form 
a list of companies sent offers of compensation (the Data Matrix form 
should be used for this purpose). 

I am using tho selective method of support (or cite-all option 
under the selective method), .ind have included with this form a 
completed list of data requ·rements (the Data Matrix form musl be 
used}. 

SECTION II: GENERAL OFFER TO PAV 

(Required if using the a te-all method or when usitl9 the cito-all oplion under the selective method to satisfy one or more data requirements) 

D I hereby offer and agree to pay compensation, lo other persons, with regard to the approval of this application, to the extent required by RFRA. 

SECTION 111: CERTIFICATION 

l certify that this appllcation lor registration, this form tor rereg,stratlon, or this Data-Calt-ln response cs supported by all data submitted or cited in the 
cation for registration. the form ror reregistration, or tM Data-CalHn respoose. In addinon, if the cite-all op!IOtl or cite-all op1ion vnder tho seleciive method is 

indicated in Sec!ion I, this application is supported by all data in the Agency's flies that (1) ooncern the propertie5 or eHecis of this product or an identical or 
substantially similar product, or one or more of 1he ingredients In this product: and (2) 1s a type of data that would be required to be submitted under tho data 
requirements in e11ect on the date of approval of this application if tho appllcatlon sought the Initial registratlon of a product ol iden~cal or similar c:ompos.tlon and 
uses . 

/ I oertify that for each exctusivo use study cI1ed In support of this regrstrabOn or reregistration. that I am Ille original data submitter or that I have obtained 
the written permission of the original data submitter to cite that study. 

I certJfy that tor ea<:h sl\Jely cited in support of this ,eglstration or reregistration that is nol an exclusive use study, e,ther: {o) I am the ong,nat data 
submiMer; (b) I have obtained the permission of the original dma submitter to use the study in suppon or this applit'<luon; (c) all periods of eligibflity for 
compensatiotl have expired tor the study: (d) the study is In tho pull<ic literature; or (e) I have notified in wriling the company that submitted the study and have 
offered (I} to pay compensation to the e>Clont required by sections 3(c)( t l(F) and/or 3(c)[2}(B) of FIFRA: and (ii) to commence negotiations to determine the 
amount and te-rms of compensation, If any, 10 be paid lor the use of the study. 

I certify that in all instances where an offer of componsalion is required, copies of all offers 10 pay compensation and ovidenc;e of their de-livery in 
aoc:ordance wilh sec1ions 3(c)(1)(F) and/or 3(c)(2)(B) ofFIFRA are availablo and will be submitted to the Agency upon request. Should I tail to produce such 
evidonce to tho Agency upon request, I understand that the Agency may initiate action to deny, cancel or suspend the registration of my prodlJCI in conformity with 
FIFRA. 

I certify that the statements I have made on this lorm and all attachments to It arc true, accurate, and complete. I acknowledge that any 
wingly false or misleading s tatement may be punishable by fine or Imprisonment or both under applicable law. 

Signature- Dal& Typed or Printed Nome- and Title 

Aprit 4, 2000 Karen S. Gustafson, RegulatO"J Affairs Man.iger 

of 70 
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Form Approve-cf 0MB No. 2070-0060 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
401 M Street,. S.W. 

WASHINGTON, IO.C. 20460 
Papeiwork Reduolion A<;t Nolioe; Tite public reporting burden for this colleclion of in!ormalion is estirnated to average 0.25 hours per response for registralion aclivities and 0.25 hours pet !'e"$pQf1sa ror 

reregistration and special review activities, including, tirne for reading Lho i1lslructioos and completing lhe nece:.!iary forms. Send commenl5 regctrc;lic19 the burderu estima1e or 81\y .o1Jler iispe<:t of lhis oo1lec;liol'\of 

intonm,lion, l11cJudi.ng suggestions for reducing lhe·burden to; Director, OF'F'I: lnforrnallon Management Division {2137), U.S. Envltonmental Protectiorl flgency, 401 M Street. S.W., W'ashlnglon. OC 20460. Do 

n.ot send lhe fonn to this address. 

DATA MATRIX 
Dare April A, 2000 EPA Reg No.Irita Symbol 524• Page 1 of6 

AppliC,c1nt's/Reglstr.im's Namci & Address ' Producl 
!Monsanto Company, 700 Ches1erfleld Parkway North, SL Louis, IMO 63198 Cry2Ab -

tt1gre<1iont C1y2Ab Protein and the genetic material necsssa,y tor its production in cotton and com 

Guideline RP-re1ence Number Guideline Study Name MRIDNumber Submftler Status Note 

~ 
Vol. 1. Administrative Materials In Support o'f the Request 

t for the Regls1tatfon of tho Plant-lncorporaled Prolec1ar11, 

I 
C 1 Bacilltts thuringiensis Cry2'Ab lflseci Control Proteirn, as <.': 
;i? . Produced ln Com {Zea mays l.) .and Collon {GOS$ypium 

~ hirsutum l.} Monsanto Company OWN This submission 
Q Vol. 2. Field Repmt Production of Tissue Samples. from 

'° lnse<:l PrOle(led Colton Events Grown in 1998 U.S. Field 
'P Trials 

I ~ Monsanto Company OWN This submission 

~ I Vol. 3. Produc1ion of Tissuo Samples from Corn Events 
MON PAO, MON 841 and MON 80 In the 1998 U.S. field ' 

"'Cl 
~ 

Trials 
Monsanto Compan)I OWN This submission 

r, Vot 4. Molecular Cl1aracierlzalion of Cottm1 Event 15985 ,_ 
OQ 

£ Monsan10 Company OWN This submission 

...:1 
0 

Vol. 5. Molecular Anatysis of Corn Event 840 
Monsanto Company OWN This submission 

Vol. 6. A:i:.e:::s:smenl or the Equival~nci,3 or Pmtcirn; 
Expresse(JI In Com Event MON 840 

Monsanto Company OWN This submission 
Vol. 7. Insect Protectioo Ptoieln 2 and NPTII Protein Levels 
in sampfes Collected from Com Event MON 8.40 ln tho-
1998 U.S. Field Tdals 

Monsanto Company OWN This sut)mfsslon 
Vol. 8. Eva!l!.lation of the Diela,y Effeci{:;) of I r1sect 
Pmtec1ion Protein 2 on lrloncy Oee L3MJe (Apis melifera 
L.) 

Monsanto Comparly OWN This submissio,, 
Vol. 9-. Eva1ua1ion of lhe Dietary Effect(s) of Insect 
Protection Protein 2 Ort Actult Honey 'Boos (Apis melifera• L.) I 

I Monsanto company OWN Thls submission 

Signature .k:, l~ {flt.! / Nilme and Title Dato 

,--.::; /.! ,I J .... ~ ~ .., y/\ I Karen s. Gustafson. Regulatory Affairs Mana9er 4'4/00 

EPA Form 85:,05 (9-97) Electronic and Paper versions available. SubmitonlyPapervorsion. Agency Internal Use Copy 

26 



Form Approved 0MB No. 2071>-0060 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
401 M Street, S.W. 

WASHINGTON, D.C. 20460 
Paporwork Reduction Act Notice: The public reporting burden f0< this collection of information Is estimated to average 0.25 hours per response for registration actMtles and 0.25 hours per response for 

reregistration and special review activities, lncluding lime for reading the instructions and completing tile necessary forms. Send comrnents regarding the burden estimate 0< any other aspect of this collection of 

Information, lncludlng suggestions for reducing the burden to: Director, OPPE lnformalion Management Division (2137), U.S. Environmental Protection Agency, 401 M Street, S.W., Washington, DC 20460, Do 
r101 send the fOfm to this add1ess. 

DATA MATRIX 
Date April 4, 2000 EPA Reg NoJFllc Symbol 524• Page 2 ol 6 

Applicant's/Aeglstrant's Name & Address Product 

Monsanto Company, 700 Chesterfield Parkway North. St. Louis, MO 63198 Cry2Ab 

Ingredient Cry2Ab Protein and the genetic material necessary for Its productioo in cotton and corn 

Guideline Reforence Number Guideline Study Name MRIDNumber Submitter Status Nole 
Vol. 10. Insect Protcctioo Protein 2: A Dietary Toxicity Study 

~ with Green Lace\l.ing Larvae (Chrysoparfa cames) 
0 
~ Monsanto Company OWN Tills submission 

~ Vol. 11. Insect Protection Protein 2: A Dietary Toxicity Study 
'::'i with Parasitic Hymenoptera (Nasonia vitrlpennis ) 
C> 
'O 
'0 Monsanto Company OWN This submission 
Co Vol. 12. Insect Protection Protein 2: A Dietary Toxicity Study ...,, 
Co with the Ladybird Beetle (Hippodomia convergens) 
!"Ii 

>'!'1 Monsanto Company OWN This submission 

~ Vol. 13. Insect Protection Protein 2 in Com Pollen: A 48-

- Hoor Static-Renewal Acute Toxicity Tosi with the 
,i:, Cladoceran (Oaphnia magna) 
0 Monsanto Company OWN This submission .... 
-..) Vol. 14. Insect Protection Protein 2 In Corn Pollen: An Acute 
0 

Toxicity Study wlth the Earthworm in an Allifldal Soil 
Substrate 

Monsanto Company OWN This submission 

Vol. 1 5. Assessment or Chronic Toxicity of Cotton Tissue 
Containing Insect Protection Protein 2 to Collembola 
(Folsomio candida ) 

Monsanto Company OWN This submission 

Vot 16. Assessment or Chronic Toxicity or Com Tissuo 
Containing Insect Proteefon Protein 2 to Collembola 
(Fo/somia candida ) 

Monsanto Company OWN This submission 

Vol, 17. lnseot Protection Protein 2 in Conon Seed Meat: A 
Dietary Toxicity Study wilh the Nonhern Bobwhite 

I Monsanto Company OWN This submission 

Signature~ ~C::. G""?DK( Name and Title Date 
,l_j ,JO. Karen S. Gustafson, Regulatory Affairs Manager 4/4/00 

EPA Form 6570-J (9-97) Electronic and Paper versions available. Submll only Papor version. Agency Internal Use Copy 
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Form App,oved 0~~6 No. 2070-0060 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
4011 M Street, s.w. 

WASHINGTON, D.C. 20460 
Paperwork R&ductlon Act Notice: The public reporting burde11 fOf this collection of information is esUma\eoi to .ive-rage 0.25 hours per response for registration aclivities. and 0.25 ho1Jrs per respons.e (or 

roregis1ra!ioll and special re11iew activities. in.duding time for reading lhe lr1structi-ons and ,completing th.e necessary forms. Send oornment,s regarding lhe burderi estimate or any other aspecl or this collection of 

informaoon, including suggestions for reducirig the burden to: Director, DPPE lnformatio1i Managemeru Division (2137). U.S. Environmenlal Protectio11 Agency, 401 M Street, S.W., Washington, DC 20460. Do 

not send ·the form to lhis addres.s. 
. . 

DATA MATRIX 
Date April 4, 2000 EPA Reg No,/file Symbol 524- Page 3 of6 

' Appl icanl's/Regbtrant's "'ame & Address Product 

Monsanto Company. 700 Chesterfield Parkway No«1.h, St, Louis, MO 63198 Cry2Ab 
.. 

Ingredient Cry2Ab Protein and the genetic malerial necessary for its produclion in cotton and com 

!Guideline Reference Number Guideline Study Name MRID Number Submitter Status Note 

,-

I Vol. 18. Insect Protecii:m Prolein 2 in Com Grairi: A Oietary 
' ~ 

~ 
1

Toxicity Stucly wllll the Northern Bobwhite 
I C) Mon.Santo Company OWN This submission •:,. 

~ Vol. 19. Evaluation of Collonseed Meal Derived from Insect 

< Protected Collori Lines 16813 and 15985 as a Feed 
--; 
C) I rigredient for Calfish Mon.s,mto Company OWN This submission 

'O Vol. 20. Evaluation of l'nseci Protected Com Lines MON 840 
'O arid MON 841 as a Feed Ingredient ror Catfish C<> v, Monsanto Company OWN This submissioo Cb ., Vol. 1. Adrnfn. Materials in Sopport of tile Am~ndmcnt 1G 

"ti 
the Requesl for Exemption from U,e Requirement ot a 

~ To ler.inCll (Pclilion. PP 7F4888) 44966600 Monsanto Company OWN 
<l' Vol 2 . Characl.erization of Insect ProtecUon Protei r1 2 (IPP2) 1-.> 
0 Proo t,.oed by Fermentation 
0 ..., 4499930f Mornsanto Company OWN 
--.i Vol. 3. Protein Levels iri Insect Protected Cottori Samples 
0 

Prod11oed ill the 1998 U.S. Field Trials 

44966601 , Monsanto Company OWN 
Vol. 4 . Aoote Oral Toxicity Study of lnsec! Protection Protain ' 

2 (IPP2) in Mlce 

44966602 Monsanto Compairy OWN 

Vol. 5. Asses.sment or the In vitro Digestibility of Insect 
Protection Prolein 2 (IPP2) Utilizing Mammalian Digestive 

I Monsanto Company Fate Models 44966603 OWN 
Vol. 6. Bioiriformatics Analysis or Insect Protection Protain 2 

. 

(IPP2) S4Htuence Utilizing an, Allergen Database 

44968604 Monsanto Company OWN 

Signatur•e ~ 6-zPZf Name and Title Date 

, {l .... - Karen S . Gustalso11, Ragulatoiy Affairs Manager 414f00 - - .. -
EPA Form 857~5 (9-97) Electronic .ind Paper versl0t1s available. Submit only Paper versiOI\. Agency Internal Use Copy 
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Form Approved 0 MB No. 2070-0060 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
401 M Stteet, s.w. 

WASHINGTON, D.C. 20460 
Pa,pcrwo,k Red~etion Act NoUee: Tho public rnporling f)!,Jrdi:m ror this ool[ec~on-of intOfmalion is estimated to average 0.26 hours prar ro-Sponse for regislraCion activities and 0.25 hours per response ror 
reregistration and special re\liew activities, including time for reading 1he instructions anti oomple1in9 the necessary forms. Send commenls regardi11g the burden estimate or a11y other aspect of th is coue,!ion of 
information, including suggestions ror reducing !he burden to: Oire~or, OPPE Information Management Division (2'137}. U.$. Envlronmentll Protection Agency, 401 M Street. S.W., WashinglOI\ DC .20460. Do 
not send (he form to this :address. 

DATA MATRIX 

Dale Al)fil 4. 2000 EPA Reg No./Fi le S,mbol 524- Page 4 of6 

Applican!'s/Registrnnt's Name & Address Product 
I 

Karen S. Guslafso11 I Monsall!o Companv, 700 Chesterfield Parkway North, St. Louis, MO 63198 Cry2Ab 

lnQredient Cl)'2Ab Protein ancl the genetic material necessarv for its oroducUon In cotton ancl com 
-

Gl:lideline Reference Number Guideline Stud~r Name MRlD NLJmber , Submitter' Staios Note 

~ Vol. 7. Bioinlorrnc1tlcs Analysis of Insect Protection Protein 2 I 

(IPP2l Sequence Utilizing Toxin and Public Domain Gene·llc I 
(") I ;:... !Databases 44966605 : Monsanto Company OWN > 
....: Bacillus thuringionsis subsp lwrslaki P2A Insecticidal c:5 ! 
'O 

P,otein (CryllA Proteirl) Shc1res 110 Slgilific.ant Sequence 
'O Similarity wi1h Proteins Associated with Allergy or Coelalc 

~ Disease 44235304 Monsanto Company OWN ~-
1"1 Baci/1/.,s lnuririgfensis subsp. k1.1rs!aki P2A rns~cticidal 

~ 
Protein (CryllA Protein} is Homo!og01.Js to Proteins or the 

"' Bacillus l'hvringiensis Insecticidal Crystal Protein Gene 
(1(1 I 

I ~ Family, bul not to Proleira Toxins Folln.d In Public Domain 
N Sequence Dalabases - 44235305 Monsanto Company OWN 

~ ! Assessment of the O[geslibi.lity of Purifie<l B.t.k. P2 Prolein 

I 
-I in vitro Using Mammalian Oigestive Fate Models I 0 44235306 Monsanto Company OWN 

Preparation aod Confirrnallon of Doses for an Acule Oral 
Toxicity Study with, Bacillus thuringiensis var. kurslaki 
Strain HD-1 (Cryl!A) Protein in Albino Mice 44235307 Monsanto Company OWN 
Acute Oral Toxicity Study of Bacillus lhuringiens/s var. 
kurstak1stral,11-1O-1 CtyllA (B.t.k. P2) Protein in Albino 
Mioe 44310303 ,Monsanto Company OWN 

Administrative Materials in Support of the ReQuesl for the 

I Ragistratioo and Exomplion from the Reciuiremenl of a 

Tolerance· for tile Plant Pesticide Bacllfu;~ tfluringiemsis var. 
krm;laki (B.t.k.} Insect Control Protein (CryllA} 

Monsanto Cornpany OWN 
1994 Evah,alion o f fnsoct Resistant Collon Lines in U.S. 

} Field Test Locailons 443,0301 Monsanto Company OWN 

~ ~~ / Signature ~-~c___ ~ I Namf.l and T itle 0ate 
Karen S. Gustafson, Regulatory Affairs Mana!'.ler 4/4100 

E:PA F01m 8570-3;}9"97) Elec1Joralc .ind Papi;ir ve[Sions available. Submit only Paper version. Age11cy Internal Use Copy 
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Form Approved OMS No. 2070•0060 

UNITED STATES ENVIRONMENTAL PROTECTCON AGENCY 
401 M Street, S.W. 

I 
WASHINGTON, D.C, 20460 

Paperwofk ~eduction Act <Notice: The plibhc reporting burden for U'lls -oojlect10li Of information is estimated lo average 0.25 hou,s per response tor registration activities and 0 .25 hours per rnsponse for 
reregislfalion and special f8view activiUes, including little for ,eading the ins1ructio11s and oomr, leOn9 the necessary Forms. Send comments rsgarding the, burdM estimeite or any other aspe~I of 01is collection ot 
into,maUon, in1;luding suggestior1s for reducing the burden to: Dlreetor, OPPE Information Managomen! Division {2137), U.S. Environmental Protection Agency, 401 M Street, S.W .• Washlnglon, OC 20460. Oo 
not send the form 10 this address. 

DATA MATRIX 

Date April 4, 2000 EPA Reg No./Fiile Symbol 524- Page 5 of6 

Applicant'sJRegislranl's Name & Add,ass PJOduct 

Karen S. Gostafson I MonSi;ll1lo Comp .. _ny, 700 ChesterflelC, Parkway Norttl, St Louis, MO 631193 Cry2Ab 

Ingredient Cry2Ab Protein and the ger,etic material necessary for 11s production in cotton and com 
' 

, :Gu(peline Referenoe Number Guideline Sludy Name MRl□ Number S1,1bmft!er S!atus. Note 
I ~ Field Summary and Aoalylical E:varua1ion of lnsoct , l 
~ Resistant Cotton Lines in 1995 U.S. field Trial Loc..,itlons 44310302 Monsanlo Company OWN 
). Molecular Characterizalion of Insect Resislaot Cotton l..ines 

~ 18-49, 1983, and 2020 4423,5301 Monsan.to Company I OWN 
'J Cha,acterizalion of Bricilf1.Js lh11ringiensis var_ kvrs/aki I 
\C) 

strain HD-1 [CryllAJ (B:t.k. P2J Protein Produced by Large-'P e, Scale Fermentation of Genotically Modified Ec/Jerichia coli 
oJ 44235302 Monsanto Company OWN :::_-

Assessment of ttie l;;quivalence of Bacillus thv6ngiensis 

"d v;;ir. ku(SliJki strain HD-1 (CryllA) (abbreviated as 8.Lk. P2) 
,:,,, 

Proteir1 Prod1.1ced lo EefJericllia coli and Insect Rosls1a.nl CIQ 
(II 

Cotton Monsanto Company OWN Iv 44235303 

0 
Soil Degradation of Baell/us thun·ngicnsis subsp. kurst·al<i ..., CryllA Insecticide.ii Protefn in Collon, Tlssve; Comparison of 

~ 1Laboratorv Microcosm :3nd Jc'leld Studies 44235306 Mon~anlo Company OWN - Most Ac1ivily Spectrum of tho CryllA BacilfiJS tlrun'ngiensis 
subsp_ kurstaki P,oteln: Emects 0111 Lepidoplera, D iplera, 
and Non-target ArU1ropods 44235309 Monsanto Company OWN I 

Evaluation o# the Dietary Effecl(s} o f Purified eaci/lus 
--

thun°iigiensls subsp. k~lfstaki HD- 1 P2 Protein on Honey 
Bee Larvae 44310304 Mons.1nto Company OWN 
Analysls ot Bacillus lhuringiensis var. k1,J1stoki HD-1 P2 
{8.1:k. P2 Proteiri) Conc0nlratlon in lhe Test Diet tJsed for 
ttie Larval Honey Bee Study 4-4.235:l10 Monsanto Company OWN 

.. E'J<1\1Jation of the Oielaty Eftect(s} ,of Purif ied Bacillus 
thuringiensis su!J.sp. kurstaki HD-1 P2 Protein on Adult 

' 
Honey Bee 44310305 Monsanto C-Ompany OWN 

Sigrl atme ~ >;_ ~( 
Name and Tille Date 

~ AL~ Karen S. Gustafson, Regulatory Affafrs Manager 4/4/00 

EPA Forni ii5o/35 (9•97) Elecltooic and Paper versions avai lable. Submi t only Paper varsl041, Agency Internal Use Copy 



31

~o,m Approved 0MB No. 2070-00GO 

UNITED STAT1ES ENVJRONMENTAL PROTECTION' AGENCY 
401 M Skeet, S.W. 

WASHINGTON, D.C . . i0460 
Paplliwork Redl;lction Act Nolli;e: TJ1e public reportmg bur<fen ror this oolloction of informalion is estimated to average 0.25 hours per response for regislrat,on acifvities and 0 .25 llOms per rasponse ror 
rer,egistralior1 'and special review activities, including timo ror reading the inslmctions an<J oompleling lhe necess.iry locms. Send commenls, regarding the bu,den estimate o r any ome, .ispect of this collection of 
inrormation, inctudlng suggestions for reducing tho burden to: DirectOf, OPPE lnformalioo Man~9er1)ent Division (21J7),. U.S. Environmental Pwlettloo Agency, 401 oM Street, S.W., Washington,, DC 20460. Do 

not send lhe forn1 to this addtess. 

DATA MATRIX 

Dale April 4, 2000 ePA Reg No./File Symbol 524- ,Page 6 of6 

Appllcar11's/Re9is1rant's Na1l1e & Address Product 

l<aren S Gustarson / ,Monsanto Company, 700 ChesterOeld P.irkway North, St Louis, MO 63198 Cry2Ab 

Ingredient Cry2A!> Protein and the genetic material necessary for its production In cotton a11d corn 

t G~ eline Reference Number Guidel ine Study Name MRIO Number Submltler : Status Note 
,-

~ Analysis of Bacillus thu1ingis11sis var. kumtaki HD•1 P2 . 
~ {B.t.k. P2 Protein) Concentration in lhe Test Diet Used for 
~ lhe Adult Honev Boo Studv 44235311 Monsanto Cotnpany OWN 

~ Bacillus thuringiensis subsp. kurstald Slrain H0-1 [CryllA] 
~~ 

\0 
Protein: A Ole~ry Toxicity Study \<nth the Ladybird Beelle 

OWN \0 'Hinnodamia convemens l ' 
44235312 Monsanto Company 

~ Bacillus lhr.m·ngisnsis subsp. kurslaki Strain H0· 1 [CryllA] 
Co Protein; A Diela.l)· To:x.lclty Study with Green Lacewililg t1'! 

Larvae (Chrysoperle carnea) 44235313 Monsanto Company OWN 

;;p Bae/I/vs t/1(,Jringiensis subsp. ku1staki Strain HD,1 [Cryl lA] 
a.. , Protein: A Dietary Toxicity Study wl1h P.ar.asllic r. 

' Hymanoptcra (NasoniB vilripennis) 442353 14 Mom,anto Co,11,pany OWN N ..,, 
Erfec.t of1he 8aci/f()S thuringiensis lnsec!icidal Proteins 

0 ..., CrylA(b), CrylA(c), CryllA, and CrylllA on Fols-0rnia candJda 
;:;:! and Xenylla grisea Onsect.i: Co!embola} 44235315 .Monsanto Company OWN 

Cryll Protein from Bar:illus thuringiensis subsp. l<utstakf 
{8.l.k. P2 Protelf'I); An Acute Toxicity 51:udy with l he 
Ea"hworm in an Artificial Soil SubSIJ'ale 44235316 Monsanto Company OWN I 

~ 

Resistance Management Strategy for BollgardTM 
E.xpressl'1g the CryllA Profein of Bacillus Jhuringjensis 
subsp. kurslaki 44235317 Monsanto Company OWN 

I 

I . 
Signature~ s ~/ - Name and Tille Dale 

~ ; .,.,.,._,, . - . l Karen S. Gustarson. Regulator; Attalrs Manager 414!00 

EPA F,orm 8579'35 (9-97) Electronic and Paper versions available. Submit ooly Pape, version. Agency Internal Use Copy 



32

- Section IJ. Summary of Application 

• 
• 
• 

• 
MONSANTO 99-858£ Page 24 of 70 



33

• 

• 
• 
-

• 

Request for lhe Registration of the Plant-Incorporated Protectant, 
Bacillus thuringieusis Cry2Ab2 lnsect Control Protein, 

as Produced in Corn (Zea mays L.) and Cotton (Gossypium hirsutum L.) 

A. Introduction 
Following EPA, USDA and FDA approvals and registrations, Monsanlo commercialized 
Bollgard® cotton (524-478) and YicldGard® com (524-489) in 1996 and 1997, 
respectively (EPA 1995a; EPA l996a). These two plant proteclant products produce the 
Cryl Ac and CrylAb proteins, respectively and have been adopted broadly by gro·wers 
because they provide effective protection from the feeding of lcpidoplcran insect pests. 
YieldGard corn provides control of European com borers and corn earworms, while 
Bollgard cotton provides control of tobacco budwo1ms, pink bollworms and cotton 
bollworms. Growers typically apply signfficantly less insecticide to control these pests, 
realize higher yields and achieve greater profitability using these improved varieties, as 
compared to conventional products . 

Gianessi and Carpenter (J 999) estimated that in 1998 two million acres of corn were 
treated with insecticides to control the European corn borer, compared to 3.5 million 
acres in 1995, the year prior to the introduction of the first B.t. com hybrids. This 
difference represents a reduction of approximately 600,000 pounds of insecticide active 
ingredient (Gianessi and Carpenter, 1999). ln cotton, the same authors estimated that the 
planting of BolJgard cotton varieties reduced insecticide applications by two million 
pounds of insecticides in 1998 alone, compared to the last year prior to the introduction of 
Bollgard~ 1995. For these and other reasons, more than 4.1 million acres of Bollgard and 
18 million acres of YieldGard varieties were planted in 1999, or more than 31% of the 
total cotton and 12% of the total com acreage, respectively (USDA, 1999a). 

Monsanto Company is now requesling the registration of the Bacillus thuringiensis 
subspecies kurstaki (B.t.k.) Cry2Ab protein and the genetic material necessary for its 
production in a11 cotlon (Gossypium hirsutum L.) and com (Zea mays L.) plants. These 
new biotech cotlon and com plants were developed using particle acceleration plant 
lransformation procedures to insert the cry21\b insect control gene. These new products 
provide increased conLrol of insect pests such as the European c.:orn borer, corn carworm, 
tobacco budworm and pink bollworm, as well as armyworm. Combining the Cry2Ab 
protein with the Cry l Ac and Cryl Ab proLeins already in the marketplace, or using the 
Cry2Ab protein as a replacement for the current product-., will provide an additional tool 
to delay the development of lepidoptcran resistance in cotton and com. These producL<., 
in combination with a refuge and the olher components of Monsanto's resistance 
management plan, represem a substantial program to significantly delay the development 
of inse<.:l resistance to conon or com containing the Cry I Ac or Cry lAb protein, 
respectively. 1 

Under par1s (C) and (D) of section 3 (c) (5) of FIFRA, a pesticide must perform its 
intended function without unreasonable adverse effects on the environment when used in 
accordance with widespread and commonly recognized practices. HPRA defines 

1 :Bollgard® and YieldGard® are registered trademarks uf Monsanto Company 
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unreasonable adverse effects to include both risks to human health and ecological effects . 
We respectfully conclude that the data and information on Cry2Ab contained in this 
submission, developed according to EPA guidelines, fully support the EPA 
determinations necessary for registration of this protein under this section. An exemption 
from the requirement of a tolerance for this protein on all raw agricultural commodities 
has been requested under a separate submission to the Agency through an amendment to 
Tolerance Petition PP 7F4888 (Docket Number PF-768). All dat~ and information 
demonstrating the human health safety of this protein were provided in that request. The 
following summary summarizes the data and evidence, which establish the human and 
environmental safety of the Cry2Ab protein. 

B. Nomenclature 
Cry2Ab is a protein derived from Bacillus rlwringit!mis and has also been designated 
Cry2Ab2, CryllB, CryB2 or CryllAb (Liang and Dean, 1994; Widner and Whiteley, 
1990; Crickmore, et al., 1998) or Insect Protection Protein 2 (1PP2). In the current 
nomenclature scheme for Cry proteins, names are assigned according to amino acid 
simi larity Lo established holotype proteins as defined hy Crickmore, er al. ( 1998). In this 
nomenclature, Cry proteins wilh similar amino acid sequences are grouped together. Cry 
proteins with the same Arabic numeral , e.g., Cry2, share al least a 45% amino acid 
sequence identity. Those with the Arabic numeral and upper case Jetter, e.g., Cry2A, 
share at least a 75% sequence identity. finally, Cry proteins with the same Arabic 
numeral , upper case letter and lower case letter, e.g., Cry2Ab, share a greater than 95% 
sequence identity. 

C. cry2Ab Gene 
Bacillus rhuringiensis (8.1.) is a gram-positive bacterium commonly present in soil that has 
been used commercially in the U.S. since 1958 to produce microbial-derived products with 
insecticidal activity (EPA, 1988). Bacillus r/wringiensis subsp. k11rstaki, present in 
commercial microbial pest control producL.-; such as DTPELt.;, and Crymax®2, contains both 
the cry2Aa and cry2Ab genes. The c012Aa gene is expressed in these commercial producLc;; 
however, the cry2Ab gene is a pseudogene, which even though present is not expressed due 
to an inefficient cry2Ab promoter (Dankocsik er al.. 1990). Therefore, the Cry2Ab protein 
is not naturally expressed in soi1 bacteria or sprayable microbial fonnulations (Widner and 
Whiteley, 1990; Crickmore, et al., 1994). Both the cr}'2Aa and cry2Ab genes arc located on 
the same 100 MDa plasmid (Donovan, et al .. 1988; 1989) and the sequence of the cry2Ab 
gene has been fully characterized (Widner and Whiteley, 1990). 

D. Cry2Ab Protein 
Assessment of the safety of the Cry2Ab protein produced in corn and cotton plants required 
production of sufficient quantilies of material to conduct safety tests. Due to the extremely 
low levels of Cry2Ab protein produced in plants, it was necessary to produce Cry2Ab protein 
by bacterial tc rmentation to conducL the safety studies . 

2 DIPEL and Crymax arc registered trademarks of Abbotl and Ecogen, respectively. 
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Since the Cry2Ab gene is not nall.mtlJy expressed in Bacillus tlzuringfr.msis subsp. kurstak(, 
as described in the section above, the a y2Ah pseudogene with the 11ecessary promoter 
region was cloned into Bacillus thurlngiensis strain EG7699. The Cry2Ab pmtein 
expression product was then isolated and pudfied from the EG7699 bacterial strain. The 
Cry2Ab protein product (GenBunk Accession No. X.55416) 1s 633 amiri.o .adds in Jength, 
with an approximate mass of 71 kDa {Widner and ,vhitdey, 1990; Dankocsik et al., 1990). 
The coding region of the Cry2Ab p:votein introduced into plants is shown in Fi.gure 1. An 
additiomt~ amino acid (position 2, Hg11.1re l) was introduced to, create a restriction enzyme 
deavage site for cloning purposes, The coding region of the Cry2Ab protein is highly 
similar to ithc Cry2Aa protein, sharing 88% amino .acid sequence identity (Widner and! 
Whiteley, 1990; Dankocs1k ,et al,, 1990) and '97% amino acid si.mHarity (amino .acid 
identiHes and conservative replacements). The Cry2Ab protein that is produced in 
transgenic corn and cotton plants is predicted to contauti an adrutional three amino acids due 
to processing of the cMornplast !transit peptide (underlined po~i.ttons 77-79, Figures 2 and 
3) . 
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Figure 1. Amino Acid Sequences of Cry2Ab and Cry2Aa Proteins 
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Legend: Alignment of the amino acid sequences of Cry2Ab and Cry2Aa proteins. 
I = identical AA~ : = similar AA . 
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• Figure 2. Cry2A b Protein Se<1uence as Produced in Cotton. The sequence was 
deduced from the DNA used to transform com. The chloroplast transit peplide is shown 
in iLa1ics (residues 1-79). The Cry2Ab protein corresponds Lo residues 80-71 3. The 
underlined amino aci<ls (residues 77-79) correspond to the prediclcd portion of the 
chloroplast transit peptide remaining after processing. The amino acid at position 81 (D, 
asprutic acid) corresponds to the residue introduced for cloning purposes (position 2, 
Figure J). 

1 MAQVSRICNG VQNPSLI SNL SKSSQRKSPL SVSLKTQQHP RAYPISSSWG 

51 LKKSGMTLIG SELRPLKVMS SVSTACMLAM DNSVLNSGRT TICDAYNVAA 

101 HDPFSFQHKS LDTVQKEWTE WKKNNHSLYL DPIVGTVASF LLKKVGSLVG 

- 151 KRILSELRl'JL IFPSGSTNLM QDILRETEKF LNQRLNTDTL ARVNAELTGL 

201 QANVEEFNRQ LPQFQMQGYQ VDNFLNPNRN AVPLSITSSV NTMQQLFLNR 

251 LLLLPLFAQA ANLHLSFIRD VILNADEWGI SAATLRTYRD YLKNYTRDYS 

301 NYCINTYQSA FKGLNTRLHD MLEFRTYMFL NVFEYVSIViJS LFKYQSLLVS 

• 351 SGANLYASGS GPQQTQSFTS QDWPFLYSLF QVNSNYVLNG FSGARLSNTF 

401 PNIVGLPGST TTHALLAARV NYSGGISSGD IGASPFNQNF NCSTFLPPLL 

451 TPFVRS\117LDS GSDREGVATV TNWQTESFET TLGLRSGAFT ARGNSNYFPD 

501 YFIRNISGVP LWRNEDLRR PLHYNEIRNI ASPSGTPGGA RAYMVSVHNR 

- 551 KNNIHAVHEN GSMIHLAPND YTGFTISPIH ATQVNNQTRT FISEKFGNQG 

601 DSLRFEQNNT TARYTLRGNG NSYNLYLRVS SIGNSTIRVT INGRVYTATN 

651 VNTTTNNDGV NDNGARFSDI NIGNVVASSN SDVPLDINVT LNSGTQFDLM 

701 NIMLVPTNIS PLY 

• 
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Figure 3. Cry2Ah Protein Sequence as Produced in Corn. The sequence was 
deduced from the DNA used to transform cotton. The chJoroplast transit peptide is 
shown in italics (residues J-79). The Cry2Ah protein corresponds to residues 80-713. 
The underlined amino acids (residues 77-79) correspond to the predicted portion of the 
chloroplast transit peptide remainjng after processing. The amino acid at position 8 l (D, 
aspartic acid) corresponds lo the residue introduced for cloning purposes (position 2, 
Figure 1). 

1 11APTVMMASS ATA VAPFQGL KSTASLPVAR RSSRSLGNVS NGGRIRCMQV 

51 WPAYGNKKFE TLSYLPPLST GGRIRCMQAM DNSVLNSGRT TICDAYNVAA 

101 HDPFSFQHKS LDTVQKEWTE WKKNNHSLYL DPIVGTVASF LLKKVGSLVG 

151 KRILSELRNL IFPSGSTNLM QDILRETEKF LNQRLNTDTL ARVNAELTGL 

201 QANVEEFNRQ VDNFLNPNRN AVPLSITSSV NTMQQLFLNR LPQFQMQGYQ 

251 LLLLPLFAQA ANLHLSFIRD VILNADEWGI SAATLRTYRD YLKNYTRDYS 

301 NYCINTYQSA FKGLNTRLHD MLEFRTYMFL NVFEYVSIWS LFKYQSLLVS 

351 SGANLYASGS GPQQTQSFTS QDWPFLYSLF QVNSNYVLNG FSGARLSNTF 

401 PNIVGLPGST TTHALLAARV NYSGGISSGD IGASPFNQNF NCSTFLPPLL 

451 TPFVRST/JLDS GSDREGVATV TNWQTESFET TLGLRSGAFT ARGNSNYFPD 

501 YFIRNISGVP LWRNEDLRR PLHYNEIRNI ASPSGTPGGA RAYMVSVHNR 

551 KNNIUAVHEN GSMIHLAPND YTGFTISPIH ATQVNNQTRT FISEKFGNQG 

601 DSLRFEQNNT TARYTLRGNG NSYNLYLRVS SIGNSTIRVT INGRVYTATN 

651 VNTTTNNDGV NDNGARFSOI NIGNVVASSN SDVPLDINVT LNSGTQFDLM 

701 NIMLVPTNIS PLY 
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E. Human Health and Safety of the Cry2Ah Protein 
The human health and safety of the Cry2Ab protein is based on ( l) extensive animal 
toxicity testing of Cry proteins. including the high ly homologous Cry2A class; (2) a 
history of safe consumption of Cry proteins by humans and; (3) results of in vivo and in 
vitro safety studies conducted with the Cry2Ab protein. These three results, descrihed 
below, establish the absence of adverse effects in animals fed Cry proteins at exposures 
millions of times higher than estimated human dietary exposures. 

1. Animal Safety Testing of Cry Proteins in B.t. J\,1icrohial .Formulations 
The low mammalian toxicity of B.t. microbial insecticide mixtures containing Cry 
proteins has been demonstrated in numerous safety studies (EPA, 1998b; Monsanto, 
1997) conducted over the last 40 yeari:;. These include subchronic and chronic foeding 
studies and acute oral, de1mal and inhalation studies in rats. AdditionaUy, primary eye 
initation, acute oral and dennal scudjes have been conducted in rabbits. and a subacute 
dietary study was conducted in humans. A number of these toxicology studies have been 
published (DeBarjac, et al., l 980~ Fisher & Rosner, 1959; Meeusen & Atallah, 1990; 
Shadduck, 1983; Siegel er al., 1987). Extensive review of these snidies by EPA, initially 
in 1982 and again in J 989, and the overall conclusion of lack of toxicity of Cry proteins 
Jed EPA to focus the testing requirements for microhial-derived products on acute oral, 
pulmonary and intravenous toxicity studjes (EPA, 1989; Sjoblad et al., .1992). Again in 
1995. following review of all applicable safety studies conducted with B.t. products 
containing Cry proteins, EPA concluded that "Toxicology studies submitted to the U.S. 
Environmental Protection Agency to support the registration of B. thuringiensis 
subspecies have failed to sho\.v any significant adverse effects in body \veight gain, 
clinical observations, or upon necropsy." EPA also concluded that "The large volume of 
submitted toxicology data allows the conclusion that the tested subspecies arc not toxic or 
pathogenic to mammals including humans" (EPA, 1998b) . 

As a consequence of the low mammalian toxicity of B.t. , all of the microbial B.t. products 
approved since the first product approval in 1960 have hcen exempted from the 
requirement of a tolerance (EPA. I 998b ). EPA has since established separate tolerance 
exemptions by amendment for vadous B.t. prolcins expressed in transgenic plants, such 
as Cry I Ab, Cry l Ac, and Cry3Aa (EPA 1995a-d: J 996a,b; 1997). 

Microbial B. t. products containing Cry2A proteins have also been tested and shown to be 
non-toxic when fed to animals (EPA, 1998b). Cry2A protein exhibits a high degree of 
amino acid similarity (97%) to Cry2Ab protein produced in c.:otton and corn (Figure 1). 
Thus, safety studies conducted with microbial B.t. product<; containing Cry2A proteins are 
relevant to the safety assessment of Cry2Ab protein. As shown in Table I, Cry2A 
protein, as component of various B.t. microbial product<;, has been tested in acute, 
subchronic and chronic toxicity studies with rats, rabbits, sheep and humans. The highest 
doses administered to animals in these studies produced no observable effects (NOEL), 
consistent with the absence of toxicity of other Cry proteins when fed at high doses to 
animals. 

MONSANTO 99-858E Page 31 or 70 



40

• 

• 
• 
-

• 

Table 1 . No Observed Effect LeveJs for Microbial B.t. Preparations Containing 
Cry2A Proteins 

Test Animal 
Substance 1 Model NOEL 2 Reference 

Acute Toxicity Studies 

Crymax Rat > 2.5-2.8 x 108 CFUs/rat Carter & Liggett, 1994 
Crymax Rat >5050 mg/kg EPA, 1996b 
Cutlass OF Rae > 10~ CFlis/rat David, 1989 
Dipel Rat > 2670 mg/kg EPA, 1996b 
Dipel Rat > 3.4 x 1011 spores/kg. EPA, 1986 
Dipel Rat > 4.7 x 1011 CFUs/kg EPA, 1986 
Dipel Rat >5 000 mg/kg EPA, 1986 
Dipel Rat > J .3 x 109 spores/kg McClintock et al., 1995 
Dipel Rabbit >2x 109 spores/animal EPA, 1986 

Subchro,ric Toxicity Studies 

Dipcl Rat 8400 mg/kg/day/90 days McClintock et al., 1995 
Dipel Sheep l012 spores/day/153 days Hadley er al., 1987 

Chronic Toxicity Study 

Dipel Rat 8400 mg/kg/day/2 years McClinLock et al., 1995 

Human ToxiciJy Study 

Dipel Humans 1000 mg/day/.5 days McCtinto<.:k, el al., 1995; £PA, l 986 
Crymax contains Cry2A, Cry I Ac, Cry l C 
Cutlass OF contains Cry2A, CrylAa, CrylAb, Cryl Ac, Cry2B 
DIPEL contains Cry2A, Cry lAa, Cry lAb, Cry lAc 

2 These NOELs represent the highest doses tested. Doses are expressed in various units 
for B. l. mic..:robial technical grade materials e.g., milligrams technical ingredient per 
kilogram body weight, or more commonly CFUs or spores per animal or kilogram body 
weight. lt is not possible to directly compare doses on a milligram technical material per 
kilogram of body weight basis. This is due to the fact that colony-forming units (CFUs) or 
spore count can range from approximately 10~ to 1011 per gram of technical grade B.t. 
microbial material (McClintock et al., L 995). Secondly, the Cry protein content in 
different B.t. microbial preparations may vary depending on the microorganism and 
fennentation conditions. Cry2A protein dosages administered to animals in the 
referenced studies range from milligrams to grams per kilogram of body weight. 
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2. History of Safe Consumption of B.t. Residues on Food Crops 
There is a history of safe dietary exposure lo B.t. residues in or on raw agricultural 
commodities. EPA and WHO have recognized the potential for dietary exposure to Cry 
proteins from use of microbial sprays on food crops: "The use patterns for Bacillus 
thuringiensis may result in dietary exposure with possible residues of the bacterial spores 
on raw agricultural commodities. However, in the absence of any toxicological concerns. 
risk from the consump1ion of treated commodities is not expected for both the genernl 
population and infants and children" (EPA, 1998b) and "B.t. has not been reported to 
cause adverse health effects on human health when present in drinking-water or food." 
(IPCS, 1999). 

B.t. microbial formulations have been applied for decades to raw agricultural 
commodities which are consumed in unprocessed form by humans. These include berry 
crops, cabbage, grapes, tomatoes, celery, lettuce. and spinach (EPA, 1998b). For certain 
crops, a significant percentage of the total amount grown in the United States has been 
treated with 8.1. microbial preparations e.g., raspberries (30%), celery (46%), and 
cabbage (39%) (EPA, 1998b). Residual levels of B.r. spores and microbes persist on 
foliage for several days following foliar application of microbial formulations (Leong, et 
al., 1980: Dynamac, 1986). Thus, if commodities such as celery are consumed within a 
few days of application, there could be dietary exposure to B.t. microbes and spores, as 
well as to B.r. Cry proteins. There has been only limited sampling of raw agriculniraJ 
commodities for B.t. residues~ broccoli and cabbage leaves were reported to have mean 
residues of 106 lo 107 B.t kurslaki (Dipel) spores/cm2 leaf (issue (background bacillus 
counts on unsprayed leaves were< 102 spores/cm2) (Leong et al. , 1980). In separate B.t. 
residue trials, residual B.t. kurstaki levels expressed as spores/gram plant tissue from days 
0-7 post treatment were: 106 for celery (background not reforted), 106 for collard greens 
(background 10\ 106 for kale (background 103

) and lO for lettuce (buckground not 
repo1te<l) (Dynarnac, 1986). Exposure has also been shown to natural populations of 
Bacillus thuringiensis strains that contain crystaJ proteins acti vc against lcpidoptera in 
granaries in Korea (Kim et al., 1998); they are also ubiquitous in soils {TPCS, 1999). To 
the best of our knowledge, no measurement of residual Cry protein levels on raw 
agricultural commodities has been made following application or B.l. mkrohial sprays. 
Nevertheless, in consideration or the natural occurrence of endogenous B.t. organisms in 
soils and the widespread use of commercial microbial B.1. sprays for the last four decades, 
Lherc is a history of safe dietary exposure to Cry proteins, including those of the Cry2A 
class, \.vhich are highly simi lar to lhe Cry2Ah protein that is the subject of this request. 

3. Safety Testing or Cry2Ab Protein 
Assessment of the human and animal safety of the Cry2Ab protein includes information 
characteri zing the biological and physicochemical properties of the introduced protein, an 
assessment of the digestibility of the protein, and potential allergcnicity and mammalian 
toxicity of the protein. Table 2 lists each of the protein safely assessment studies for 
Cry2Ab and the equivalent studies submiucd previously for the Cry2Aa protein. The 
following sections summarize the results of numerous studies submitted hy Monsanto as 
an amendment to Tolerance Petition PP 7F4888 (Docket Numher Pf-768) that 
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demonstrate Cry2Ab is not toxic to mammals and presents accep~ble risk to human 
safety. This Cry2Ab protein safely data is in agreement with similar data confirming the 
safety of the Cry2Aa protein, which fa highly simiJar to the Cry2Alh protein. 

Table 2. Summary of Prntein Safety Studies for cr,12Ab and Cry2Aa. 

Assessment Test 
Study Substance 

In viLro Digestive Fate Cry2Ab 

Gcy2Aa 

Allergen Sequence Cry2Ab 
SimilariLy 

C1y2Aa 
Toxin Sequence Cry2Ab 
Similarjty 

Cry2Aa 

Acute Mouse Cry2Ab 
Oral Toxicity 

Cry2Aa 

Results 1 

Half-Life <15 sec in SGF; Digested to stable 
tryptic core in SlF 2 

Half-Life < 15 sec in SGF; Digested to stablt! 
tryptic core in STF 2 

Not homologous to known protein allergens 

Not homologous to known protein aHergens 

Not homologous lo known protein tux.ins 
or other proteins of concern to human health 

Not homologous to known protein toxins 
or other proteins of concern to human health 

No effects at highest dose tested, 1450 mg/kg 

No effects at highest dose t~stedj 4011 mg/kg 

1 Results for Cry2Ah can be found in Volumes 4-7 or the previously submitted tolerance 
ex.emption reque~t for Cry2Ab (.wlRID Nos. 44966602-5). Results for Cry2Aa can be 
found ln MRlD Nos. 44235304-7: 44310303. 

2 SGF = Simulated Gastric Fluid; SlF = Simulated Intestinal fluid 

a) Characterization of the Introduced Cl"y2Ab Protein 
Due to the extremely low levels of Cry2Ah protein prnduced in corn and cotton, il \..,·as 
nccessat}' to produce sufficienl quanlities of Cry2Ab protein by bacteiial fermental1on for 
the deveJopmenL of ana]ytical methods (e.~ .• ELLSA) and lO conduct safety studies. 
Cry2Ab protein was produced in and purified from 8ac:ilbls tfmringiensis strain EG7699. 
Characterization of this B.t. protein preparation \:\.'as done using anaJyticaJ methods and 
functional tests spe<.:ifically selected to assess the identity, concentration, strength in 
bioassay, purity and t.:omposilion. 1n addition, solubility and storage stability studies \vere 
pctformcd. The Cry2Ab protein produced by 8(.lc,:illu.\· thuringiem,is strain EG7699 was 
shown to have equivalent molecular weighl and immunorcactivity to the protein 
expressed in cotton and corn, to lack detectable post-lranslational modification 
(glycosylation), to have equivalent electrophoretic mobility and detection with specific 
antibodies (Volume 6 of this submission), and. to have similar funct1onal activity. Thus, 
the Cry2Ab proteins deri ve<l from both bacterial fettnentation and plant sources were 
established to be physicot.:hemicaUy and functionally equivalent. 
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b) Digestion of Cry2Ab Protein in Simulated Gastric and Intestinal Fluids 
The purpose of this study was to assess the ill vitro digestibility of Cry2Ab protein 
(apparent molecular weight of ;::;63 kDa) using simulated gastric fluid (SGF) and 
simulated intestinal fluid (SIF) mammalian digestion models. The Cry2Ab protein was 
incubated in SGF and STF at 37 °C for up to 2 hours and 24 hours, respectively. Protein 
stability was assessed al specific time points using SDS-PAGE (limit of detection, 10 ng; 
limit of resolution,~ kDa) and/or immunoblotting (limit of detection, 5 ng; limit of 
resolution, ~2 kDa) for each incubation. Moreover, a Helicoverpa z.ea insect bioassay 
(EC50) was used to assess Cry2Ab protein functional activity remaining after selected 
incubation times. 

SOS-PAGE analysis of SGF incubations showed that by 15 seconds greater than 98% of 
the Cry2Ab protein was digested and that no fragments ~2 kDa of the parent protein 
were resolved. lmmunoblot analysis of SIF incubations showed that a relatively stable 
Cry2Ab protein fragment (==50 kDa) was produced within l minute and observed for at 
least 24 hours. Cryl , Cry2 and Cry3 class proLeins yield stable, tryptic core fragments 
when incubated in SIF {Monsanto, 1997). These observations were corroborated by 
insect hioassays showing rapid loss of activity in SGF and stahle activity in STF. 

This in vitro assessment of Cry2Ab protein digestibility indicates that the Cry2Ab 
protein will be readily digested in the mammalian stomach. 

c) Allergenic Potential of the Cry2Ab Protein 
Although large quantities of a range of proteins arc consumed in human diets each day, 
rarely do any of these tens of thousands of proteins elicit an allergenic response (Taylor, 
1992). Although there are no predictive bioassays available to assess the allergenic 
potemial of proteins in humans (FDA, 1992), the physicochemical and human exposure 
profile of the protein provides a basis for assessing potential allergcnicity by comparing it 
to known protein allergens. Thus, important considerations contributing to the 
allergenicity of proteins ingested orally includes exposw-c and an assessment of the 
factors that contribute to exposure, such as stability of digestion, prevalence in the foo~ 
and consumption pattern (amount) of the specific food (Metcalfe, et al. , 1996; Kimber et 
al., 1999). 

A key parameter contributing to Lhc systemic alJergcnicity of certain food proteins 
appears to be stability to gasLrointestinal digestion, especially stability to acid proteases 
like pepsin found in the stomach (Astwood et al., 1996; Astwood and Fuchs, 1996; Fuchs 
and Astwood, I 996; F AO, 1995; Kimber et al., 1999). lmponant protein allergens tend 
to be stable to peptic digestion and the acidic conditions of the stomach if they are to 
reach the intestinal mucosa where an immune response can be initiated. 

• Another significant factor contributing to the allergcnicity of certajn food proLeins is their 
high concentrations in foods (Taylor, 1992; Taylor er al., 1987; Taylor l 992, Fuchs and 
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Astwood, 1996). Mo~t allergens are present as major protein components in the specific 
food representing from 2-3% up to 80% of total protein (Fuchs and Astwood, 1996). 
This is true for the allergens in milk (Taylor et al.. 1987: Baldo, 1984; Lcbenthal, 1975; 
Taylor, 1986), soybeans (Shibasaki et al., 1980 ; Burks er al.. l 988; Pederson and 
Djurtofl, 1989), and peanuts (Barnett et al., 1983: Sachs et al., 1981; Barnell and 
Howden, 1986; Ke mp. 1985). In contrast to this generality for common allergenic 
proteins, Cry2Ab protein is present at low levels in these plants (<0.02%). 

It is also important to establish lhat the protein docs not repl'esent a previously described 
allergen, and further, does not share potentially immunologically relevant epitopes (amino 
acid sequences recognized by IgEs). A database of protein sequences associated with 
allergy and coeliuc disease was assembled from publicly available genetic databases 
(GenBank, EMBL, PlR and SwissProt) and from current literature. The keyword 
"allergen" was used to retrieve allergen sequences from the public domain databases. 
Additional unique allergens found in only current literature were appended, creating an 
updated database containing 567 unique protein sequences. The amino acid sequence of 
the C ry2Ab protein was compared to these sequences using the sequence alignment tool 
FASTA. C ry2Ab shares no structurally-significant sequence simi larity to sequences 
within the allergen database and docs not share potential immunologically-relevant amino 
acid sequences greater than seven contiguous identical amino acids. Cry2Aa also shares 
no significant sequence similarity with known allergen sequences (MRID 44966604). 

d) Toxic Potential of the Cry2Ab Protein 

1) Bioinformatics 
The safety assessment of a protein expressed in genetically modified crops inc ludes 
structural compari sons of the introduced protein with proteins associated with toxicity or 
other adverse health effects. Specifically, a biologically-relevant sequence similarity to a 
known toxin (i.e., a sequence apparently derived from a common ancestor gene) may 
indicate that additional toxicological assessments be done . 

A database of 4677 protein sequences associated with toxicity has been ac;scmbled from 
publicly available genetic databases (GenBank, EM.BL, Pl R am.I SwissProl). The amino 
acid sequence of the Cry2Ab proLein was compared to sequences in this toxin database 
using the PASTA sequence alignment tool. In addition, the amino acid sequence of the 
Cry2Ab protein was compared to all protein sequences in publicly-available genetic 
databases to screen for structural simi larity LO pharmacologically-active proteins. Apart 
from expected similarities to other known crystal (Cry) proteins found in Bacillus 
thuringiensis and related species, no additional significant structural similarities were 
observed. The Cry family represents a diverse set of proteins derived from a common 
ancestor gene. 

The results of these bioinformatics analyses indicates that the Cry2Ab protein is not 
similar to any toxin relevant to animal or human health. Likewise, the Cry2Aa protein 
shares no significant sequence similarity with protein toxins relevant to animal or human 
health (MRID 44966605). 
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2) Acute Oral Toxicity of Cry2Ab Protein in :\'lice 
The low mammalian toxicity of B.t. microbial insecticide mixtures containing Cry2A 
protein has been demonstrated in numerous safety studies (Sjobla<l, et al. , 1992). Acute 
administration is considered approp1iatc to confirm the safety of Cry2Ab, because 
proteins that are toxic typically act via acute mechanisms (Sjoblad el al., 1992: Pariza and 
Fosler, 1983; Jones and Maryanski. 1991). 

Three groups of ten male and ten female mice were given acute, oral dosages of Cry2Ab 
protein at 67.3, 359 or 1450 mg/kg body weight. respectively. A separate group of ten 
male and ten female protein control animals received bovine serum albumin ut a dose of 
1200 mg/kg. The doses administered were designed to evaluate the potential hazard.c; of 
the Cry2Ab protein at the highest acute oral dose that could be delivered to mice. 

There were two unscheduled deaths, unrelated to the test substance. in the control groups. 
Since perforations of the esophagus were observed at necropsy, both deaths resulted from 
gavage injury. For all ocher mice (treated and control) there were no behavioral or other 
adverse clinical observations associated with test article administration. All mice gained 
weight throughout the study and food consumption was similar for all treated and control 
groups. The few gross necropsy findings at scheduled sacrifice are commonly observed 
in control mice. Since the necropsy findings present were distributed among the various 
treatment and/or control groups without any dose-response relationship and were low in 
frequency, none were considered test article-related . 

There were no adverse effects atlributcd to the oral administration of Cry2Ab protein in 
male and female mice at doses of 67.3, 359, or 1450 mg/kg body weight. The No
Observe<l-Effect-Level (NOEL) for toxjcity of Cry2Ab protein administered as an acute 
dose by gavage to mice was considered to be at least 1450 mg/kg, the highest tested dose. 
The highest dose adminjstered represented the highest feasible dose based on test system 
capacity and protein solubility. This NOEL is comparable to those determined for other 
Cry proteins including the Cry2A <..:)ass (Table 1). 

3) Calculation of Exposure ~fargins for Consumption of Cry2Ab Protein in 
Food and a.'eed Derived from Insect-Protected Cotton and Corn. 

In order to calculate exposure margins, it is necessary to first determine the expression 
levels of Cry2Ab in various com and cotton tissues. Validated enzyme-linked 
immunosorbcnt assays (ELJSAs) were used to estimate lhe Cry2Ab protein expression 
levels. For cotton, these samples included the seed, leaf, leaf collected over different 
tirnepoints during the season, whole plant and pollen. For corn. samples of young leaf, 
leaf collected over different tirnepoints during the season, pollen, silk. forage. grain and 
stover were analyzed. Samples were collected from numerous locations in the United 
States during 1998 field trials. These field sites provided a variety of environmental 
conditions representative of regions where cotton and com are grown commercially. 

i. Expression of Cry2Ab Protein in Insect-Protected Cotton 
As described in Volume 3 of the tolerance exemption petition (MRTD 44966601), 
accumulation of Lhe protein in cotton was detected at low levels throughout the 
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various plant tissues at various times throughout the growing season. The mean levels 
of Cry2Ab protein in young cotton leaf tissue ranged from 1 l .3 to 23.8 µgig. ln 
whole cotton plant tissues, the mean level of Cry2Ah protein ranged from 4.15 to 

8.80 µgig. The mean level of Cry2Ab protein in cottonseed tissue ranged from 37 .1 
Lo 43.2 µgig, while in cotton pollen, the mean level of Cry2Ab protein ranged from 

<0.25 to 1.17 µgig. 

ii. Expression of Cry2Ab Protein in Insect-Protected Corn 
As described in Volume 7 of this submission, production of the Cry2Ab protein in 
corn was highest in leaf (87 - 199 µgig), followed by forage ( 16 - 30 µgig), grain (1.5 

- 2.6 µgig), and lowest in pollen (0.15 - 0.25 µgig). Expression of the Cry2Ab protein 
in silk and stover was dctennined to be l µgig and 11 µgig, respectively. 

iii. Calculated Exposure .Margins to Cry2Ab Protein from Human Consumption of 
Coro Grain and Cotton Seed Oil 
There will be negligible human dietary exposure to the Cry2Ab protein present in 
transgenic cotton. The human consumable fractions o r cotton are cottonseed oil and 
I inters (National Cottonseed Products Assoc., J 990). Each is processed both 
chemically and thermally such that the B.t. protein likely would be removed or 
denatured (Sims et al., l 996~ Sims and Berberich, 1996). 

Although exposure to Cry2Ab protein is considered Lo be negligible, a dietary 
exposure margin was calculated based on the worst case assumption that Cry2Ab 
protein could survive processing and be present at very low lcveJs in cottonseed oil 
(Table 3). A dietary exposure margin for dairy cow consumption of cottonseed was 
also calculated. 

The human dietary exposure margin for com grain was calculated (Table 3) based on 
the worst case assumpLion that all Cry2Ab protein in com grain survives processing. 
Dietary exposure margins for dairy cow consumption of com grain and forage were 
also calculated. 

In a two-year chronic rat feeding study with Dipel, a B.1. microbial formulation 
containing Cry2A protein, the NOEL was considered to he 8400 mg/kg/day (Table 2). 
Even if Cry2A protein represented only 1 % of the product tested, the daiJy Cry2A dose 
over most of the rats' lifetimes would have been 84 mg/kg/day, which is also several of 
orders of magnitude higher than the worst case human exposures to Cry2Ab protein from 
consumption of com- and cotton-derived food producLS (Table 3). Based on these 
extremely large exposure margins and absence of toxicity in animal safety studies, there 
\V0uld be no unreasonable risks to or adverse effects in humans or fann animals from 
consumption of food products derived from insect-protected com and cotton . 
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Tahle 3. Calculated Dietary Exposure Margins 

A. HUMANS 
Cry2Ab Level Daily Food/ 

Food/Feed in Food/Feed Feed Consumed Dose (m~ Exposure i\'L'll"glll8 

Cottonseed oil 2.6 X 10-4 0.07 grams/kt 1.8 X t0·Sd 8 X 10 10 

µg/gramb 

Com grain 2.1 µg/grarn 0.2 grams/kt 4 X 10·4 3.6 X 106 

8 . DAIRY CO\iV 
Cry2Ah Level Daily Food/ 

Food/Feed in Food/Feed Feed Consumed Dose (mg/k~ E'll.l)OSUJ'C J\.fargin8 

Cottonseed 43.2 µg/gram 5 .3 grams/kgr 2.3 X 10· 1 6.3 X 103 

Com grain 2.6 µg/gram 12.2 grams/kgg 3.2 X 10·2 4.5 X !04 

Com forage 30.0 µg/gram 45.0 grams/kgg 1.35 1.1 X 103 

a The exposure margin is calculated by dividing 1450 mg/kg. the NOEL in the Cry2Ab mouse gavagc 
study, by the calculated mg/kg dose. 

b Assumes thal <.:ouonseed protein is present in refined cottonseed oil at the Ii nut of det.ec.Lion of the a.-,say 
( 1.3 µg protein/ml of oil) since none was detected. Cry2Ab represents 0.02'¼• of the total protein in 
cottonseed (.MRID # 44966601). Therefore, Lhe level of Cry2Ab protein chat might theoreti<.:ally be 
present in cottonseed oil is 2.6 x 10-~ µg/ml. As~umes 1 ml ::: l gram . 

c Total disappearance of cottonseed oil in food is estimated to be 900 X 106 Jhs/year (personal 
communication, National Couonseed Products Association). Per capita US human consumption of 
collonseed oil = 900 x 106 lbs/US populalion (270 x 106

) = 3.3 lbs/per capita/yeur, 4 grams/per 
capita/day. or 4 grams/60 kg= 0.07 grams/kg. 

d The mg/kg dose would be 0.07 grams/kg x 2 .6 x 10 ~ µg/grnm = 0.18 x 10 4 µg/kg = 1.8 x. 10-8 mg/kg. 

e USDA database (1990). 

f Assume!> a 600 kg dairy cow eats 7 lbs of cottonseed/day (Hoard"s Dairyman. 1984). This is equivalent 
to 5.3 grams cottonseed/kg body weight/day. 

g 7.3 kg grilin. 27 kg forage consumed daily by dairy cows (NRC. 1989). 7.3kg ~rrain /600 kg '-12.2 
grams/kg. 27 kg/ forage/600kg = 45 grams/kg . 
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4. Human Health and Safety Conclusions 

The Cry2Ab protein has been shown to be safe for consumption by both humans and 
animals by the: 

1. gcnera1 recognition of the safety of B.r. proteins, including thos,e of the Cry2A class; 
2. high degree of sequence similarity of the encoded proteins of the Cry2Ab and the 

3. 

4. 
5. 

6 . 

7. 

cry2Aa gcnc,s present in commercial B.t. fom1ulations, which have a history of safe 
use: 
rapid digestion of Cry2Ah in simulated gastric fluid (SGF) and conversion to the 
expected tryptic core protein in SlF, as expected fot· B.t. proteins.; 
lack of homology of Cry2Ab with known allergens ; 
luck of homology or Cry2Ab with any known protein toxins or other proteins 
associated wjLh advers-e mammalian or human health effects.; 
lack or acute loxicily of· Cry2Ab to mammals, a,<;. demonstrated by a mouse acute oral 
gavage study~ and 
fow di.et.ary exposure Lo the Cry2Ab protein from consumption of cotton and corn. 

The itoxicily and allergenicity profile for the Cry2Ab protein, a,(, expressed in com and 
cotwn, 1ndicaLes thal there is an acceptable risk from exposure to the overan U.S. 
population. Furthermore, there has heen no 1ndication o f mammalian toxicity from 
numerous Rt. proteins, regardles,s or lhefr origin, degree of alteration. or level of 
expression, Therefore, there is a reasonable cct1ainty that no harm wiH 1·csult from 
exposure of the U.S, population. including infants and children, to the Cry2Ab protein as 
produced in both cotton and corn. 

F. EnYironmental Safety of Cry2Ab Prote·iin 

1. Environmental Safety Studies 
To assess the envjronmenta1 safety of Cry2Ab protein in insect-protected corn and cotton, 
13 studies \.Vere conducted on bird, fis.h, aquatic invertebrate. and beneficial terrestrial 
invertebrate species (Vols. 8 - 20, this submission). Non-target organisms were exposed 
to high doses or leaf ti~sue, gra.in or pollen from insect-protected corn and/or cotton 
plants, Of to Cry2Ab protein in diet for five days to eighl weeks, depend.ing on the study, 
The results discussed below, together \Vith the history of safe use of B.t. proteins. in 
general. demonstrate thal Cry2Ab proteins in insect~protected com and cotton pose no 
foreseeable risks to non-targel organisms. No adverse effects were observed at the 
highest dose tested in all but a few studies (Table 4). In all cases the no observed effect 
concentration (NOEC) g:reatly exc,eede<l the maximum environmental concentration 
indicating minimal risk. 

Bobwhite quad and channel catfish fod insect-protected com grain at 10% and 35% of 
their diets, respectively, and cottonseed at LO% and 20% of their diets, respectively, 
exhibited no mortality and no adverse effec;!s on survivaL growth or behavior. These data 
indicate that birds foraging on grain or seeds in insect-protected i1clds or fis.h fed grain t)r 
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seeds as part of their diet, as in the aquaculture industry, will not be adversely affected . 
Moreover, a Daplmia magna study established the 48-hour ECso to be greater than 120 
mg Cry2Ab com pollcn/L, indicating that pollen containing a Cry2Ab protein 
concentration of 0.25 ~lg/g fresh weight is "practicaJly non-toxic'' to aquatic invertebrates 
according to hazard classification criteria in U.S. EPA, 1985. PB86- l29269. 

Studies were also conducted to determine \vhether non-target species of beetle and other 
terrestrial invertebrates are susceptible to Cry2Ab protein. Cry2Ab protein was evaluated 
in the ladyhird beetle, as well as five other species of beneficial terrestrial invertebrates 
that could be exposed to Cry2Ab com or cotton: adult and larval honey bees, Collembola, 
green lacewing, parasitic wasp, and earthv,;orm. Cry2Ab poses minimal risk to these 
beneficial non-target organisms. No adverse effects were observed at the maximum 
predicted environmental concentration to which the organisms would be exposed. In 
most of the studies, the NOEC exceeded the maximum predicted environmental 
concentration by 10- to over 100- fold, demonstrating a wide margin of safety for these 
organisms (Table 4). 

Cry2Ab is toxic to certain lepidopteran insects such as tobacco budworm or European 
com borer. Studies conducted to determine the spectrum of activity of Cry2Ab against 
insect pests have established that Cry2Ab exhibits excellent aclivity in certain caterpillars 
(order Lepidoptcra), but has no activity against other insect orders, including Colcoptera. 
Specifically, no effects on survival and/or growth were observed in studies with ladybird 
beetles and parasitic wasps at doses of 200 ppm in their diet. 

2. Impact on Non-Target Organisms Including Endangered and Threatened 
Species 

Considered in total, data provided in this submission and discussed above establish the 
safety of the Cry2Ab protein and Bt crops in general for beneficial and other non-target 
insects commonly found in corn and cotton fields. The absence of toxic effects in the 
non-target organism studies even at Cry2Ab levels considerably above the maximum 
predicLed environmental exposure demonstrate that Cry2Ab will not have adverse 
impacts on these and related non-target organisms, including endangered and threatened 
species. 

The potential of Cry] and Cry2 proteins to effect non-target lepidopternns is well known, 
includjng the larvae of butterflies like the monarch, as well as endangered and threatened 
Lcpidoptcra. These Cry-expressing products pose no risk to endangered or threatened 
Lepidoptera, and negligible risk tov .. ·ard other non-target Lepidoptera, because such 
species will not be exposed lo significant amounts of the proteins. None of these 
Jepidopterans deliberately f ced on cotton or com plants, or tissues from such plants . 
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Test Organism Results Test Substance Conclusions 

Bobwhile Quail No monaliry or toxic Cry2Ab corn Cry2Ab 1:om grain or cottonseed 
effects in birds consuming grain poses minimal risl.. 
Cry2Ab corn grain or 
Cry2Ab cottonseed at Cry2Ab 
IO%ofdiet cottonseed 

Channel Catfish Nu effect on growth or Cry2Abcorn Cry2Ab corn grain and couonsecd 
survival in fish consuming grain can be used in catfish diet at up to 
Cry2Ab corn ~'Tain or 35% and 20%. respectively, with no 
Cry2Ab cottonseed al Cry2Ab adverse effects 
35% and 20% of diet. cottonseed 
resp<--cfh•e I y 

• Cladoceran F.C50 > 120 mg Cry2Ab Cry2Abcom Cry2Ab com pollen is practically 
(Daphnia magna) 1:om pollen/L pollen non-toxic to aquatic invertebrates 

Adult Honey Bee NOEC = 68 µg Cry2Ab protein NOEC > 56X and 272X predicted 
Cry2Ablml diet maximum Cry2Ab concentration in 

cotton and corn pollen, respectively 

Larval Honey Bee NOEC = 170 µg Cry2Ab protein NOFC > 139X and 680X predicted 

• Cry2Ab/ml , single dose maximum Cry2Ab concentration in 
cotton an<l corn pollen, respectively 

Ladybird Beetle NOEC = 4500 µg Cry2Ab protein NOEC > 23X and 88X predicted 
Cry2Ab/ml die1 maximum Cry2Ab concentration in 

corn and cotton leaf 1issue, 
respectively 

Collembola NOEC = 69.5 J,tg Cry2Ab procein NOEC > 18X and l7X maxirnum 

• Cry2Ab/g diet prcdicLed environmental exposure to 
Cr;•2Ab protein from com and 
couon in soil, respectively 

Green Lacewing NOEC = 1100 µg Cry2Ab protein NOEC > 6X and 22X maximum 
Larvae Cry2Ab/g diet predicted environmental exposure 10 

Cry2Ah protein from com and 
cotton leaf tissue. respectively 

Par.isitic NOF.C = 4500 µg Cry2Ab protein NOEC > I 8.000X and 3700X 
Hymenoptcra Cry2Ab/ml diet maximum environmental 
(Wasp) concentration predicted in corn and 

cotton p<.lllen, respectively 

Earthwom1 NOEC=330mg Cry2Ab protein NOEC ~ 12X and 83X maximum 
Cry2Ab/kg dry soil estimated environmental exposure 

from corn and conon in soil. 

• rcspcccively 
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Consequently, the only possible route of exposure to Cry2Ab for these species is through 
com or cotton pollen drifting onto their host plant and being inadvertently consumed by 
the larvae . This requires that a species be sensitive to the Cry2Ab protein, be in the 
larval stages during the short 7- LO day period of pollen shed, and that the larval host plant 
be close enough to corn or cotton fields for pollen to be deposited on that plant. ln 
addition, data provided in this submission demonstrate thal the levels of Cry2Ah protein 
in com or cotton pol len are very low and only substantial pollen deposition could cause 
any adverse effects to even an extremely sensitive species. Various studies of pollen 
dispersal have shown negligible wind dispersal of cotton pollen and very localized 
dispersal of com pollen. ln the latter case, pollen deposition declines rapidly (over 91 %) 
even 1 meter outside a com field and pollen is rarely found at all over 30 meters from a 
com fie ld (results of studies reported by G. Dively, J. Foster, R. Hellmich and M. Sears at 
the Monarch Butterfly Research Symposium in Chicago, IL on Nov. 2, 1999). Thus, 
significant exposure to Cry2Ab through com pollen wiU only occur if the host plants arc 
found within com fields. Because the host plants of endangered and threatened 
Lepidoptcra are not found in com fields or in close association with com fields, there will 
be no new ri sk of adverse effects to these species from Cry2Ab-containing pollen, 
compared with current practices. Indeed, common practices of herbicide use in com 
fields will mean that, even for Lepidoptera that are not threatened, like the monarch 
butterfly that have abundantly distributed host planL<i, suitable host plants will only very 
rarely he found in com fields and the risk of exposure to significant levels of Cry2Ab will 
be minimal. 

Outcrossing to wild relatives is also not expected to result in effects on threatened or 
endangered animal or plant species either through direct toxic effects or competition. 
Outcrossing will not occur because cultivated cotton varieties and hybrid com do not 
exist in the wild in the United States, nor are there wild relatives that can readily 
interbreed with com or cotton in the areas of the United States where these crops are 
grown. Based on these observations, registration and commercialization of com and 
cotton expressing the Cry2Ab protein will pose minimal risk to the environment with no 
predicted effects on threatened or endangered species. 

3. Em1ironmental Fate 
Since plant expression of the Cry2Ab protein is under the control of a constitutive 
promoter, most parts of the cotton and com plants express the gene and produce the 
protein throughout the growing season. Post-harvest plant residue from these improved 
crops may therefore contain small amounL~ of the insccticidally-active protein. At 
harvest, plant materials such as stalks, unharvested bolls or cobs, and leaf material are 
shredded and tilled into the soil to promote decomposition. EPA has conducted 
environmental assessments of other B.t. proteins and has issued findings of no significant 
impact (FONSI) for the CrylAc, CrylAb and Cry3A proteins (EPA, 1998b). B.t. protein 
crystals have been found to degrade readily in the field due to solar radiation and 
temperature (USDA, J999b). 

• The environmental fate of highly simiJar purified B.1. proteins has been ex1ensively 
studied. The published literature has demonstrated that B.r. protein adsorption to soil is 
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rapid and complete within 30 minutes (Venkateswcrla and Stotzky, 1992). Numerous 
other studies of the biodegradation and binding of B.t. proteins in soil have been 
conducted, including Tapp et al., (1994). Tapp and Stotzky (1995: 1998), Crecchio and 
Stotzky (1997), KoskelJa and Stotzky (l 997). These studies demonstrate that isolated B.t. 
proteins could bind to clay pa11icles and humic acids in artificial soil mixes. 

Significant increases in soil microbial populaLions, from 100- to l000-fold, have been 
shown when protein degradation studies are conducted wilh transgenic p\ant tissue rather 
than purified protein (Donegan et al.. 1995). The EPA Corvallis laboraLoty has 
petforrned soil degradation studies with Bollgard cotton and NewLeaf®3 potato plant 
tissues showing soil half-lives of between four and seven days (Palm et al., 1993; 1994; 
1996). 

A soi] degradation study conducted with the purified Cry2Aa protein, which is highJy 
similar to Cry2Ab, dctennined the soiJ half-life based on biological activity to be 15.5 
and 3 1. 7 <lays for the laboratory and the field, respectively (MRTD 44235308). These 
results demonstrate that the Cry2Aa protein, as a component of post-harvest plants, is 
expected LO dissipate or degrade when cultivated into soil. Due Lo the high degree of 
similarity between the homologous Cry2Aa and Cry2Ab proteins, the Cry2Ab protein 
also is Ukely to dissipate or degrade under conventional cultivation in which cotton or 
com residue is plowed into the soil after harvest. 

4. Environmental Safety ConcJusion 
In summary, because of (1) the non-target organism studies conducted with the Cry2Ab 
protein summarized above; (2) the low likelihood of Cry2Ab exposure for threatened or 
endangered species; (3) the binding and biodcgradation of B.t. proteins in the 
environment; and (4) the extensive history of safe use of B.t., Monsanto Company 
concludes that registration and commercialization of com and cotton producing the 
Cry2Ab protein will be safe to the environment and Lo non-target organjsms. 

G. Conclusions 

Current agronomic practices in both com and cotton continue to rely on extensive use of 
chemical insecticides to control insect pests, despite advances in IPM and insect
protected crops such as YieldGard com and Bollgard cotton. Monsanto Company ha..-; 
developed new insect-protected cotton and com products expressing the Cry2Ab protein 
that provide improved control of pests with a potential for reduced risk of resistance. 

Registration under FIFRA requires EPA to determine that the Cry2Ab protein will not 
cause unreasonable adverse effects to human health and the environment under ordinary 
use conditions. We conclude, based on the weight of the evidence provided herein, that 
there is reasonable certainty that no hatm to human health or the environment will result 
from the use of the Cry2Ab2 protein as produced in com and cotton plants. We 

~ NewLcaf is a registered trademark of Monsanto Company. 
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respectfully conclude that the data and information in this and previous submissions fully 
support Lhe EPA detc1minations necessary for registration of this protein under FJFRA . 
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Section III. 

REGISTRATION REQUEST 

Proposed Labels for the Plant-incorporated Protectant, 
Bacillus rhuringiensis Cry2Ab lnsecL Control Protein, 

as Produced in Corn (Zea mays L.) and Cotton (Gossypium hirsutum L.) 

The subject of this submission is the registration of the plant-1ncorporated 
protcc:tant, Bacillus thuringiensis Cry2Ab Insect Control Protein, 
as Produced in Corn (Zea mays L.) and Cotton (Gossypium hirsufllm L.) for 
use in all com and cotton lines and varieties. The proposed label is for the 
pesticidal protein as expressed within the plant cell . 
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Plant-Incorporated Protectant Active Ingredient 
End Use Product 

Cry2Ab Protein as Expressed in Com Plants 

Active Ingredient: 
Bacillus thuringiensis Cry2Ab protein and the geneLic material 
necessary ror its production in com ................................................ 0.001 - 0.01 % 

Inert Ingredients: .................................................................................... 99.99 - 99.999% 

* Percentage of whole plant on a dry weight basis 

CAUTION 
KEEP OUT OF THE REACH OF CIIILDRE 

Precautionary Statements 

EPA REGJSTRATION NUMBER 524-JEE 
EPA ESTABLISHMENT NUMBER 524-MO-002 

Monsanto Company 
700 Chesterfield Parkway North 
St. Louis, Missouri 63198 

Directions for Use 

It is a violarion of Federal law to use this product in any manner inconsistent with its 
labeling. 

Corn ha.<; been transformed to express the Bacillus tlmringiensis Cry2Ab delta-cndotoxin 
protein for the control or suppression of the following corn lepidopteran insect pests: 

European Com Borer 
Southwestern Com Borer 
Tobacco Budworrn 
Com Earwonn 
Cabbage Looper 
Saltmarsh Caterpillar 
Cotton Leaf Perforator 
Soybean Looper 
Beet Armyworm 
Fall Annyworm 
Yellowstriped Annywonn 

Ostrinia nubilalis 
Diatraea grandiose/la 
Heliothis virescens 
Helicoverpa z.ea 
Trichoplusia ni 
Estigmene acrea 
Bucculatrix thurberiella 
Pseudoplusia includens 
Spodoprera exigua 
Spodoptera frugipe rda 
Spodoptera omithogolli 
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Plant-Incorporated Protectant Active Ingredient 
End Use Product 

Cry2Ab Protein as Expressed in Cotton Plants 

Active Ingredient: 
Bacillus thuringiensis Cry2Ab protein and the genetic material 
necessary for its production in cotton ... .. ..... .................. ................. 0.01 - 0.02% * 

Inert Ingredients: ................................... ................................................. 99.98 - 99.9970 * 

* Percentage of whole plant on a dry weight basis 

CAUTION 
KEEP OUT OF TIIE REACH OF CHILDREN 

Precautionary Statements 

EPA REGJSTRA TION :NUMBER 524 -

EPA ESTABLISHMENT NUMBER 524-MO-002 

Monsanto Company 
700 Chesterfield Parkway North 
St. Louis, Missouri 63198 

Directions for Use 

IL is a violation or Federal law to use this product in any manner inconsistent with its 
labeling. Not for commercial planting in the foJlowing counties in the Texas panhandle, 
which historically are not <.:Olton-producing counties: Dallam, Sherman, Hansford, 
Ochiltree, Lipscomb, Hartley, Moore, Hutchinson, Roberts, and Carson. 

Cotton has been transformed to express the Bacillus tlwringiensis Cry2Ab dclta
endotoxin protein ror the controJ or suppression of the following cotton lcpidoptcran 
insect pests: 

Tobacco Budworm 
Pink Bollworrn 
Cotton Bollwonn 
Cabbage Looper 
Saltmarsh Caterpillar 
Cotton Leaf Perforator 
Soybean Looper 
Beet Annywonn 
Fall Armywo1Il1 
Yel lowslripcd .Arm)'\vorm 

Heliothis viresc:e11s 
Pectinophora gossypiella 
Jlelicoverpa zea 
Trichoplusia ni 
Estigmene acrea 
Buccularrix thurbeiella 
Pseudoplusia includens 
Spodoptera exigua 
Spodoptera frugiperda 
Spodoptera omithogolli 
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Plant-Incorporated Protectant Active Ingredient 
End Use Product 

Bollgard II Cotton 

Active Ingredients: 
Bacillus thuringiensis Cry2Ab protein and the genetic material 
necessary for its production jn cotton .................... ......................... 0.0 l - 0.02.% :(c 

Bacillus tlmriugiensis Cry lAc protein and the genetic material 
necessary ror its production in collcm ........ .............. ........................ 0.00 l - 0.006%* 

Inert lngredients: .... , .............................................. ............................ .... . 99.98 - 99.991z, * 

"' Percentage of whole plant on a dry weight basis 

CAl.i"fION 
KEEP OUT OF THE REACH OF CHILDREN 

Precautionary Stat~mcnts 

EPA ESTABLISHMENT NUMBER 524-MO..{)02 

Monsanto Company 
70() Chcstc.rfieid Park way North 
St. Louis, !vUssouri 63198 

Directions for Use 

Tt is a violation of Fede1al law to use this product in any mann~r inconsistent with its 
lahefrng. Not for commercial planting in the following counlies in the Texas panhandle, 
which historicaHy are not cotton-producing counties: Dallam, Sherman, Hansford, 
OchiltJ'cc, Lipscomb, Hartley, Moore, Hutchinson, Roberts, and Carson. 

Cotton has been transformed to express the Ra(,:illus thuringiensis Cry2Ab delta
endutoxin protein for the control or ~uppression of the folJowing cotton lepidopteran 
insect pests: 

Tobacco Bu<lworm 
Pink Bollworm 
Cotton Bollworm 
Cabbage Looper 
Saltmarsh Catel.l)illar 
Cotton Leaf Perf orator 
Soybean Looper 
Beet Arrnyworm 
Fall Armywonn 
Yellowstripcd Armyworm 

Heliothi,,; vire.w:ens 
Pe<:tinopfwm gossypiella 
Helicoverpa zea 
Trichoplusia 11i 
Estigmene acrea 
Bucculatrix rhurbeie'lla 
Pseudoplusia includens 
Spodoptera exigua 
Spodoprera frugiperda 
Spodoprem omithogolli 
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Section JV . 

Plant-Incorporated Protectan t Cry2A b 

DATA REFERENCE LIST 
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PRODUCT ANALYSIS: 

Characterization of Insect 
Protection Protein 2 (TPP2) 
Produced by Fermentation 

Production of Tissue Samples 
from Insect Protected Cotton 

•• 
I , 

Plant-Incorporated Protcctant Cry2Ab 
Data Reference List - Page 1 

EPA 
REFERENCE 
NUMBER 

44999301 

SUBMISSION 
DATE 

9/30/99 

4/4/00 

DOCUMENT 
NUMBER 

99-782E 

99-858E 

Events Grown in 1998 U.S. Field Trials 

Production of Tissue Samples from 
Com Events MON 840, MON 841 
and MON 843 in the 1998 U.S. 
f<iel<l T,ials 

Amended Report for Molecular 
Chc1racrcrization of Cotton Event I 5985 

Molecular Analysis of 
Corn Event MON 840 

4/4/00 99-858E 

4/4/00 99-858E 

4/4/00 

Protein Levels in Insect 
Protected Cotton Samples 
Produced in lhe 1998 U.S. Field 
Trials 

4496660 I 11/5/99 

99-858E 

99-782E 
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Plant-lncorporatcd Prott..>etant Cry2Ab 

Data Ref ere nee List - Page 2 

EPA 
REfl'ERENCE SUBMISSION DOCU1\•1ENT 
NUMBER DATE NUl\lIBER OWNER AUTHORIZATION 

lnsect Protection Prolein 2 and 4/4/00 99-858E MONSANTO OWN 
.I\TPTII Levels in Samples Collected 
from Com Event MON 840 in the 
1998 U.S. Field Trials 

PRODUCT ANAL YSJS: 
Assessment of the Equivalence of 44939403 9/30/99 99-555E MONSANTO OWN 
Proteins Expressed in Colton 
Events 15813 and 15985 

Assessment of the Equivalence of 4/4/00 99-858E MO SA TO O\VN 
Proteins Expressed in Corn 
Event MON 840 

TOXICOLOGY: 
Acute Oral Toxicity Study of 44966602 1 J/5/99 99-782£ MONSANTO OWN 
Lnsect Protection 
Protein 2 in Mice 

Bioinfonnatics Analysis of Insect 44966604 11/5/99 99-782E MONSANTO OWN 
Protection Protein 2 Sequence 
UtiUzing an Allergen Database 
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Plant-Incorporated Protcctant Cry2Ab 

Data Re ference List - Page 3 

Bioinforma1ics Analysis of Insect 
Protection Protein 2 Seq_uence 
Utilizing Toxin and Publi<; Domain 
Genetic Databases 

Assessment of the In vitro 
Digestive Fate of Insect 
Protection Protein 2 

EPA 
REFERENCE 
l\fl}MBER 
44966605 

44966603 

Bacillus rhuringiensis subsp. 44235304 
kurstaki P2A Insecticidal Protein 
(Cry TIA Protein) Shares No Significant 
Sequence Similarity with Proleins Associated 
with Allergy or Coeliac Disease 

Bacillus tlwringiensis subsp. 44235305 
kurstaki P2A Insecticidal Protein 
(CryllA Protein) ls Homologous to 
Proteins of the Bacillus thuri11gie11sis 
Insecticidal Crystal Protein Gene Family, 
but not to Protein Toxins Found in Public 
Domain Sequence D atubases 

SUBMISSION 
DATE 
l l/5/99 

11/5/99 

2/28/97 

2/28/97 

DOCUMENT 
NUMBER 
99-782E 

99-782E 

96-185£ 

96-185E 
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Plant-lncorporatl-'<l Protectant Cry2Ab 

Data Reference List - Page 4 

Assessment of the Digestibility 
of Puri ricd 8 .1.k. P2 Protein 
in virro Using Mammalian 
Digestive Face Models 

Preparation and Confirmation 
of Doses for an Acute Oral 

EPA 
REFERENCE 
NUMBER 
44235306 

44235307 

Toxicity Study with Bacil/11s 
thuringiensis var. kursu,ki Strain 
HD -1 (CryTlA) Protein in Alhino ~ cc 

Acute Orn! Toxicity Study of 44310303 
BCJci/lus t!turingie11si:s var. k11rstaki 
strain HD- I CryllA (13.t.k. P2) 
Protein in Albino Mice 

SUBMISSION 
DATE 
2/28/97 

2/28/97 

2/28/97 

ENVIRO~IENTAL FATE AND ECOLOGICAL EFFECTS: 
Evalualion of the Dietary Effect(s) 4/4/00 
of Insect Protection Protein 2 
on Honey Bee Larvae 

DOCUM£NT 
NUlV[BER 
96-185E 

96- l85E 

96-l85E 

99-858E 
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l'lant-Incorporated Protcctant Cry2Ab 

Data Reference U st - Page 5 

Evaluation of the Dietary Effect(s) 
of Insect Proteclion Protein 2 
on Adult Honey Bees 
(Apis melifera L.) 

EPA 
REFERENCE 

1''1.i:VIBER 

Insect Protection Protein 2: A Dietary 
Toxicity Study with Groen Lacewing 
Larvae (Chrysoperla carnea) 

Insect Protection Protein 2: A Dietary 
Toxicily Study wi th Parasitic 
Hyrnenoptcra (Naso11ia vi'.tripennis) 

Insect Protection Protein 2: A Dietary 
Toxicity Study with the Ladybird Beetle 
(llippodamia convergens) 

insect Protection Protein 2 in Corn 
Pollen: A 48-Hour Slatic-RcnewaJ 
Acute Toxicity Test with the 
Cladoceran (Daplmia magna) 

SUBMISSION 
DATE 
4/4/00 

4/4/00 

4/4/00 

4/4/00 

4/4/00 

DOCU1\llENT 
NUMBER 
99-858E 

99-858E 

99-858E 

99-858E 

99-858E 
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lnsect P.-o~eclion Protein 2: 
An Acute Toxicity Study with 
~he Earthwmm in an Artifidal SoiJ 
Substrnte 

Assessment of Chronic Toxicily 
of Cotton Tissue Containing the 
Insect Protection Prntein 2 to 
ColJcmbola (Folsomia c.andida) 

Assessment of Chronic Toxicity 
of Com Tissue Containing the Insect 
Protection Prolein 2 to Collembola 
(Folsornia cmzdida) 

• 
Plant-lncorporatcd Protectant Cry2Ab 

Data Reference List • Page 6 

EPA 
REFERENCE 
NUl\ilBER 

SUBMESSION 
OA'J'E 

4/4/00 

4/4/00 

4/4/00 

DOCUMENT 
NU1\1BER 
99-858E 

99-858E 

99-858E 

Insect Protection Protein 2 in Cottonseed 
Meal: A Dietary Toxicity Study 

4/4/00 99-858E 

with the Northern Bobwhite 

Insect Protection Protein 2 in Com 
Grain: A Dietary Tox1city Study with 
the Northern Bobwhite 

4/4/00 99-858E 
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Plant-Incorporated J>rotectant Cry2Ab 

Data Rclerence List - Page 7 

Evah..1alion of Couonseed Meal 
Derived Fmm Insect Protected 
Cotton Lines 15813 and 15985 
as a Feed Ingredient for Calfish 

Evaluation of Insec:t Protected 
Com Lines MON 840 and MON 
84 1 as a Feed fogredlent for Catfish 

iKPA 
REFERENCE 
l\ru!VIBER 

Evaluation of the Dietary Effect(s) of 44310304 
Pmificd B'aciUus thuringiensis subsp. 
kursc.aki HD-1 P2 Protejn on Honey 
Bee Larvae 

Evaluation of the Dietary Eff ec;l{s) or 4434 L0305 
Purified Bacillus thuringiensis subsp. 
kurstaki HD-1 P2 Proi.ein on Adult 
Honey Bees 

Bacillus thurin1:iensis subsp.kursraki 44235313 
Strain IID-1 [CryllA] Protein: A 
Dietary Toxicity Study with Green 
Lacewing Lffv<1e (Chrysoperla camea) 

SUBMISSION 
DATE 
4/4/00 

4/4/00 

2/28/97 

2/28/97 

2/28/97 

DOCUI\-IENT 
NUl\·fBER 
99-85813 

99-858E 

96-185E 

96- 185E 

96-185E 
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Plant,. J ncorporated Protect.ant Cry2Ab2 

Data Reference List - Page 8 

EPA 
RE~_,ERENCt:; 
NUMBER 

Bacillus thuringiensis subsp.kurslciki 44235314 
Strain HD-I [CryHA] Protein,: A 
Dietary Toxidly Study \Vith Parasiric 
Hymenoptera (Na~onfo vitripennis) 

Bacillus ifturingie.nsis subsp.kurl'.taki 44235312 
Strain HD-] {CryUA] Protein: A 
Dielury Toxicity Study with ihe 
Ladybird Beetle (Hippodamia <.xmvergens) 

CryIV\ Protein from Bacillus 44235316 
thuringiensis suhsp.kurstaki 
(B.t.ik. P2 Protein): An Acute Toxicity 
Study with the Eat1hworm in an 
A.rrificiaJ SoiJ Substrate 

Effect of the Bacfllus tilur;1tgiensi.s 44235315 
insecticidal pmleins CryIA(lb), CrylA(C); 
CryllA. and CryllIA on Fol.rnmia <.-'(l1ulida 
and Xenylla grisea (lnsccta: Collcmbola) 

SUBl\tfISSION 
DATE 
2/28/97 

2/28/97 

2/28/97 

2/28/97 

DOCUMEN'f 
NUMB~R 
96-185E 

96-185E 

96-l85E 

96-185E 
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Section V. 

REGISTRATION REQUEST 

PRODUCT Ai~AL YSIS 

The Data Reference List for the Plant-Incorporated Protectant, Cry2Ab, can he found in 
Section CTI of this volume. The specific studies detailing the molecular characterization 
of Cry2Ab in cotton and corn can be found in Volumes 4 and 5 of this submission, 
respectively. The study detailing the expression of the protein in cotton has been 
previously submitted, MRlD 44966601 and the study detailing the expression of the 
protein in com can be found in Volume 7 of this submission . 
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Section VI . 

REGISTRA 1'ION REQUEST' 

RESIDUE DATA 

Monsanto has requested an exemption from the requirement of a toJerancc for the PlanL

lm.:orporated Protectant, Cry2Ab. based on the mammalian safety (Petition PP 7F4888) 
and therefore requests that the requirements for residue data be waived for this product. 
AnalyticaJ methods for the detection and mt!asurement of the Cry2Ab protein are 
therefore not necessary . 
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Section VII . 

REGISTRATION REQUEST 

NON-TARGET ORGANISM DATA 

The Data Reforenc•e List for the Plant-Incorporated Protectant, Cry2Ab, can be found in 
Section III of this volume. Specific studies detailing the effects of the Cry2Ab protein on 
non-target organisms can be round in Volumes 8-20 of this submission. Additionally, 
specific studies detailing the non-Larget organism effects of the Cry2Aa protein. which is 
highly h~)mologous to the Cry2Ab protein, have been previous.ly submitted and arc 
referenced in support of this registration request: 

MRJD numbers: 44310304, 44235310-17 
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Section VI ll. 

REGISTRATION REQUEST 

TOXICOLOGY DAT A 

The Data Ref erencc List for the Plant-Incorporated Protcctant, Cry2Ab, can be found in 
Section TII of this volume. The toxicology data for Cry2Ab has been previously 
submitted to support the request for exemption from the requirement of a tolerance (PP 
7F4888). These referenced reporL._ are contained in MRID numbers: 44966602-5. 
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Section IX . 

REGISTRATION REQUEST 

EFFICACY DATA 

Monsanto Company requests the requirement to submit efficacy data be waived under 
provision 3(c)5 of FIFRA as amended . 
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Section X . 

TOLERANCE REQUEST 

A request for the exemption from the requirement of a tolernnce has been previously 
submitted to the Agency (Petilion PP 7F4888). The administrative materials in suppo1t of 
this request are contained in MRID 44966600 and the supporting data provided in MRlDs 
4496660 I - 44966605. 
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